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PR E FA C E 
This report provides information to the public about the 
impact of the Rocky Flats Plant on the environnlent and 
public health. The report contains a conlpliance summary, a 
description of environmental monitoring programs. and 
radiation dose estimates for the surrounding population for 
the period January I through December 31, 1990. General 
content and format for this repon are specified by 
Department of Energy Order 5400. I. 

An environmental surveillance program has been ongoing at 
the Rocky Flats Plant since the 1950s. Early programs 
focused on radiological impacts to the environment. The 
current program examines potential impacts to air. surface 
water, groundwater. and soils from radiological and 
nonradiological sources. 

Environmental operations at Rocky Flats Plant are under the 
jurisdiction of several local. state, and federal agencies, most 
notably the Colorado Department of Health, Environmental 
Protection Agency, and Department of Energy. A variety of 
reports are prepared at different intervals for these and other 
agencies in addition to the annual environlnenral report. A 
list of these reports is given in Section 3, Table 3-1. 

U.S. DEPARTMENT OF ENERGYlROCKY FLATS PLANT SITE 

Attached for your information is the 1990 Site Environmental Report for the Rocky Flats Plant In 
addition to summaries of radiological and nonradiological monitoring in the vicinity of and on the 
Rocky Flats Plant (RFP), the report includes summaries of environmental activities on the site, a 
listing of the major environmental permits along with the compliance status of each, and a 
description of National Environmental Policy Act activities. 

We have also attached an environmental compliance self assessment covering the paiod of 
January 1, 1991, to August 31, 1991. This is representative of our ongoing program to place 
greater emphasis on identifying potential environmental compliance issues at RFP and developing 
solutions to those problems. 

ENVIRONMENTAL REPORT FOR 1990 (W-ENV-90) 
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RocW Flats Plonf 
Slte p ' 

COMPLlANCE 
SUMMARY 

National Environmental 
Policy Act (NEPA) 

Notices of Intent (NOIs) for the Plutonium Recovery 
Modification Project Environmental Impact Statement 
(PRMP EIS) and Programmatic Environmental Impact 
Statement on the Integrated Environmental and Waste 
Management Program were published in the Federul Register 
on May 30 and October 22, 1990. respectively. An NO1 for 
the Rocky Flats Plant (RFP) Sitewide EIS is expected to be 
published early in 1991. 

Clem Air Act 0 

Environmental Assessments (EAs) were completed, and 
Findings of No Significant Impact (FONSls) were published 
in the Federul Register for the 881 Hillside Sites Interim 
Remedial Action (January 10, 1990) and Supercompactor 
and Repackaging Facility (SARF) (August IO. 1990). 
Development of EAs were initiated for seven additional 
facilities/operations in 1990. 

Radionuclide air emissions from RFP were within the 
Environmental Protection Agency's (EPA) National 
Emissions Standards for Hazardous Air Pollutants 
(NESHAP). NESHAPs set a yearly limit of IO millirem per 
year (mrem/yr) effective dose equivalent (EDE) IO any 
member of the public. 

The calculated beryllium discharged from RFP in 1990 was 
8.2 grams (g) compared to the daily limit of I O  g over a 
24-hr period set by Colorado Air Quality Control Regulation 
#8. 

RFP submitted Air Pollution Emission Notices (APENs) IO 
the Colorado Department of Health (CDFI) for 25 process 
and suppon buildings. APENs are required by Colorado Air 
Quality Control Regulation #3 as part of an application for a 
new or modified emissions source releasing any contaminant 
classified 3s odorous, hazardous, or toxic. 

A Notice of Violation (NOV) was received on April I I. 
1990, for failure to have air emission permirs or APENs for 
two spray paint booths and a shot blaster in Building 333. 
RFP subsequently filed the required documents for this 
facility. 

Clean Water Act (CWA) The National Pollutant Discharge Elimination System 
(NPDES) permit for RFP expired in 1989 but was extended 

.,. 
Xlll 



adminismadvely until renewed. An application was filed in a 
timely fashion with the EPA and is pending final approval. 
No NOVs were received in 1990 for violation of NPDES 
standards. 

An NPDES Federal Facilities Compliance Agreement 
(FFCA) was drafted in IY90 between the Department of 
Energy (DOE) and the EPA. This agreement includes 
requirements for upgrading the sewage treatment plant, a 
groundwater monitoring plan for the sewage sludge drying 
beds, a corrective action plan to address a 1Y89 unplanned 
release of chromic acid from Building 444. and quanerly 
progress reports. 

Revised use classifications and water quality standards for 
Woman Creek and Walnut Creek vibumies to Standley Lakc 
and Great Western Reservoir and resegmentation of Big Dry 
Creek became effective on March 30. 1990. This action by 
the Colorado Water Quality Control Commission (CWQCC) 
established go&l stream standards for Segment 5 of Big Dry 
Creek (tributaries from source to Ponds A-4, B-5. and C-2) 
and final stream standards for Segment 4 of Big Dry Creek 
(from pond outlets to Standley Lake and Great Western 
Reservoir). 

Sixteen 55-gallon drums of nonradioactivity-contaminated 
polychlorinated biphenyl (PCB) capacitors were shipped 
offsite for disposal in 1990. Radioactivity-contaminated 
PCB wastes and friable and radioactivity-contaminated 
asbestos are being stored at RFP unt i l  disposal can be 
arranged at suitable locations. Non-friable asbestos is 
disposed of in the RFP landfill. 

The RCRA Pan A permit applic;ition for humlous and low- 
level mixed waste was revised twice in 1990 through 
changes to interim status to allow operation of the Pondcrete 
Remix facilities on the 750 and 904 Pads and operation of a 
low-level mixed waste baler and nearby storage area in 
Building 889. A revision to the RCRA Pan A permit 
application for transuranic (TRU) mixed waste was pending 
approval from CDI-I to allow opention under interim status 
of the Supercompactor and Repackaging Facility and the 
TRU Waste S h d d e r .  RCRA Pan B permit applications 
for hazardous and low-level mixed waste and TRU mixed 
waste also were pending CDH approval. 

The Inter-Agency Agreement (IAG) requires RCRA Facility 
Investigations/Remedial Investigations (RFI/RI) work plms 

Toxk Substances Control 
Act 0 

Resource Conservation 
and Recovery Act (RCRA) 

xiv 

. 

Inter-Agenc y Agreement 
. (fAG) 

Emergency Planning and 
Community Right-to-Know 
Act (EPCRA) 

to characterize the source of contamination and the soils of 
an interim status closure unit. Draft Phnse I K F I / R I  work 
plans were submitted to CDli and EI'A for the Solar Ev;ip- 
oration Ponds. Present Landfill. Original Process W:~ste 
Lines, and West Spray Field in 1990. 

Production of T R U  waste declined froni 1.342 cubic yards 
(yd3) in 1989 to 307 yd3 in  1990. and low-level W : I S I ~  
production declined from 7,417 yd3 in 19x9 to 2 5 5 5  yd:' i n  
1990. ihzardous waste generation dccrensed froin IO8 yd3 
in 1989 to 89 yd3 in 1990. RFI' recycled 141 tons of piipcr 
in 1990. an increase of 26 tons froin 19x9. 

A Mixed Residues Conipliance Pl;in wi~s prcp;~rcil under 
requirements of the Residue Conipli;incc Agreement in'19'10. 
This plan included actions to bring rcsidues into coiiipliancc 
with State of Colorado standards iind methwls 10 minimize 
generation and reduce the storage o f  I<CKA-regul;ited 
wastes. 

The FFCA for Land Dispos:il Kestriried Wnstes w;is 
extended twice in 1990 with the second expiration date of 
February 15, 1991. During 1990, 13 forin;il reports were 
submitted (purouant to this agreenlent) t h i l t  identified :I)) 
available and/or feasible options being pursued i n  the :ire;ls 
of waste minimization. waste ctiaracteriziltion, ;ind trc;itiiicnt 
technology implemenmtion. 

The IAG was renegotiated early in I990 following receipt Of 
public and agency comments. The fin:il ;igreemetlt. reached 
in January 1991, was revised to increase the number and 
priority of Openble Units (OUs). 

The RFP submitted the 'Tier I I  I3nergc:rtlcy and ilazardous 
Chemical Inventory Forms" repon t o  eincrgcncy pl:1111li11g 
agencies for the Srate of Colorado. Jefferson and I3oulikr 
counties. and the RFP Firt Depnrtnient in  1990, l%is repon 
is required under Section 312 of EPCRA and lists qu:intities 
and locations of hazardous chemic;ils. 

The RFP submitted the "Toxic Cllemicnl Release Inventory" 
to EPA as required under Section 313 of EI'CKA. This 
repon contains iiiform:ition o n  routine ;in11 accident;il 
releases of chemicals i n  1990, nliixll l l i lf i l  ;ililOUllt Of 

chemicals stored, and amount of clieiiiic;ils contained i n  
wastes transferred offsite. 
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Governor's Scientific 
Advisory Panel 

The Governor's Scientific Advisory Panel on Rocky Flats 
Monitoring Systems completed its final- reDort in  1990. 
-. . MaJor recommendations i n  this repor; concerned 
development of environmental information and computerized 
data management systems, mass balance tabulation of 
materials entering and exiting RFP, and ambient air 
monitoring for six nonradioactive hazardous substances. 

ENVIRONMENTAL 
MONITORING 

A Special Assignment Team was mobilized in I989 by DOE 
to provide an independent evaluation of operations and prac- 
tices at RFP. The environmental portion of the audit focused 
on determining whether RFP activities created an imminent 
threat to the public or environment, whether operations were 
conducted in accordance with environmental requirements 
and best management practices. and the status of previously 
identified environmental concerns. Findings of this evalua- 
tion were addressed in 93 action plans that described correc- 
tive measures. During 1990, 16 action plans were comple- 
ted. 21 additional plans were undergoing intemal verifica- 
tion, and 56 plans were in various stages of implementation. 

METEOROLOGICAL 
MONITORING 

Mean wind speeds at RFP i n  1990 were 9.0 miles per hour 
(mph). The maximum wind speed was 88.6 mph. Winds. 
as categorized by Pasquill stability classes. were 50.1 
percent neutral, 42.5 percent stable, and 7.37 percent 
unstable.. The mean temperature in  1990 was 48.7 "F and 
the minimum and maximum temperatures were -24.0 O F  and 
96 OF, respectively. 'RFP recorded 12.8 inches (in.) of 
precipitation in 1990. 

AIR MONITORING 

Effluent Air Monitoring Plutonium and uranium discharges totaled 1.067 microcuries 
( p a )  (3.95 x 104 becquerels [Bql) and 0.606 pCi (2.24 x 
104 Bq), respectively. Maximum sample concentration for 
plutonium was 0.0078 x IO-l* microcuries per milliliter 
(pCi/ml) (2.89 x 104 becquerels per cubic meter [Bq/dI)  
and for uranium was 0.00026 x 10-12 pCilml (9.62 x 10-6 
Bqhn3). Americium discharges totaled 0.396 pCi (1.47 x1W 
Bq) and the maximum concentration was 0.00144 x 10-12 
pCi/ml(0.0391 Bq/m3). Total amount of tritium discharged 
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Nonradioactive Ambient Air 
Monitoring 

Radiwctive Ambient Air 
Monitoring 

SURFACE WATER 
MONITORING 

Rocky Flats Plant Site 
Surface Water Monitoring 

was 0.0039 curies (Ci) (1.44 x 108 Hq).  Maximum tritium 
concentration was 88 x 10-12 pCi/ml (3.26 Bqlm3). Beryl- 
lium was not significantly above background levels. Ra- 
dionuclide releases did not exceed NESHAP limits based on 
computer modeling using the AIRIIOS/PC computer code. 

The maximum total suspended paniculate VSP) value (24- 
hour [hrl sample) was 134 micrograms per cubic meter 
(pg/m3) and the annual geometric mean value was 31.4 
pg/m3. The maximum Particulate Matter-IO (PM-10) value 
(24-hr sample) was 26 pg/m3 and the annual arithmetic mean 
was 9.8 pg/m3. The annual geometric mean for TSP and 
arithmetic mean for PM-IO samplers were 12 percent and 20 
peicent. respectively, of the National Ambient Air Quality 
Standards (NAAQS). 

Overall mean plutonium concentration measured for onsite 
samplers was 0.072 x I O ' S  pCi/ml (2.7 x 1 0 6  Bq/m3), 
equal to 0.36 percent of the Derived Concentration Guide 
(DCG). O v e d l  mean plutonium concenuations for perimeter 
and community locations were 0.003 x IO-15 pCiln1l (1.1 x 
10-7 Bq/m3) and 0.(X)l x 10-15 pCi/ml (3.7 x 10-8 Bq/m3), 
respectively. These values were 0.015 percent (perimeter) 
and 0.005 percent (community) of the DCG. 

Maximum volume-weighted average concentrations and 
percent of DCG for plutonium. uranium, americium, and 
tritium of sampled effluents from North and South Walnut 
Creeks and Woman Creek were: 

Surface Water Wfluents Fercenl 
Average Concentrations PCG O f  

0.04 
Plutonium (Pond C-I) 0.3R 
Uranium-233,234 (PondC-2) 1.89 f 0.17 0.40 
Uranium-23R (Pond C-2) 2.40 f 0.16 

0.03 Americium (Pond A-4) 0.0 

Tritium (Ponds B-5. C-2) 

b 10.9 

0.011 ? 0.005 

0.008 f 0.009 

30 ? IO  
30 ? 200.0 
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Mean concentrations and percent of DCG for plutonium, 
uranium, americium, and miium for samples of raw water 
taken from Ralston Reservoir and South Boulder Diversion 
Canal were: 

Raw Waler Supply Percent 

-Lux 
0.0 

0.11 

0.09 

0.01 

0.0 

o f  Average Concentrations 
(J 10-9 

0.00 i 0.014 Plutonium 

Uranium-233.234 0.54 i 0.29 

Uranium-238 0.45 f 0.20 

Amcricium 0.004 f 0.005 

Tritium -10 f 30 

Communify Surfoce Water 
Monitoring 

Maximum average reservoir/cmal concentrations and percent 
of DCG for pluionium, uranium, americium, and tritium 
from samples of public water supplies from several 
surrounding communities were: 

Percent 

m 
0.04 

0.37 

0.12 

0.10 

0.01 

Maximum Avernge 
Reservoir Concentrations o r  

10.9 

Plutonium (Kalsion) 0.01 I t 0.037 

Uranium-233.234 (Boulder) 1.87 + 0.52 

Uranium-238 (Sl;uullcy) 0.71 f 0.12 

Americium (Dillon) 0.031 f 0.049 

Triiium (Raluon) 190 f 120 

Maximum avenge drinking water conccniniions and percent 
of DCCs for plutonium, urdniunl. americium, and tritium 
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from samples of drinking water from several surrounding 
communities were: 

hlaxinium Average 
Urinli ing Wuler Percenl 

10.9 -ILcG 

0.02 

0.67 f 0.57 0.13 

O.w 
0.03 

0.0 

Concenirniiens o r  

Plutonium (Golden) 0.006 -+ 0.013 

Urmium-233.234 (Denver) 

Uranium-238 (Golden) 0.52 * 0.30 

Americium ( A P c J ~ )  0.wx t 0.oox . 
Tritium (Louisville) 50 i 70 

GROUNDWATER 
MO NIT0 RI NG 

The uppermosi hydrostraiigraphic u n i t  within OU I (8x1 
Hillside) that includes alluvial and subcropping bedrock 
material is contaminated wiih volatile organic compounds 
(VOCs). inorganics (including some met:~ls). and elevated 
levels of uranium. Masirnun) concentraiions of organic 
contaminants, trichloroethene (TCE). I . I -  dichloroethene, 
and I ,  I ,  I - trichlomethane (TCA). were 13,000 microgrdms 
per liter (pgjl)% 16,000 pg ,  and 19.(KK) pgk respectively. 
Concentrations of VOCs diminish r:ipidly downgradient, 
becoming equal to or below detection linliis (5  pfl) within 
200 feet (ft) of the suspected origin of cont;rmination. 

Groundwater in the alluvial materials nnd interconnected 
groundwater i n  the shallow subcropping sandstone bodies 
within OU 2 (903 Pad. Mound. and East Trenches Area) is 
contaminated with VOCs. inorganics (including some 
metals). elevated Tot;~l Dissolved Solids (TDSs), and 
radionuclides. hlsximunl concenir:liiolls of VOCS were: 
tetrachloroethene (PCE) - 20.00 pfl, ;ind TCE - 96,000 
~ s / l .  Concenrrntions of these magnitudes reprcscnted one- 
iime sampling evetiis and were limiied spatially. The 
majority of mdiclnuclide conunnlination was uranium-238. 
Wells screened i n  surficial inaierials and subcropping 
bedrock immediately north. east. and ‘southwest 
(downgradient) of the Sol:ir Ponds (OU 4) deiected ekvarrd 
levels of nitratelnitrite, sodium, TIIS. sulhte. dissolved 
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radion'uclides, and VOCs. Nitratelnitrite concentrations 
ranged up to 880 milligrams per liter (In$), and TDS ranged 
up to 6,700 mdl .  Maximum concentrations of uranium 
-233l-234, -235, and -238 were 900, 9, and 190 picocuries 
per liter (pCi/l). respectively. Tritium and americium ranged 
up to 940 pCin and 0.02 pCi/l, respectively. Concen- 
trations of VOCs, specifically, vinyl chloride, ranged up to 
950 ps/l. Wells located upgradient of the Solar Ponds were 
contaminated by TDS, nitratdnitrite. calcium, magnesium, 
bicnrbonate, chloride. and radionuclides (uranium, tritium, 
americium, and cesium- 137). 

Groundwater i n  the uppermost hydrostratigraphic u n i t  and 
adjacent to the Present Landfill (OU 7) exhibits concen- 
trations above background levels of inorganic ions, 
dissolved metals. dissolved radionuclides, and VOCs. 

Water quality data from alluvial wells within and adjacent to 
the West Spray Field (OU 1 I )  showed elevated levels of 
nitratehitrite, sodium, TDS, sulfate, dissolved radio- 
nuclides, and VOCs. Upgradient from the West Spray 
Field, groundwater qu;ility was impacted by TDS, and 
nitrate/nitrite were elevated. 

. 

Sol1 MONITORING 

Plutonium concentrations from samples taken at a I-mile 
(mi) radius from RFP ranged from 0.03 picocuries per grain 
(pCi/g) to 9.14 pCi/g i n  1990. Soils sampled at a 2-mi 
radius exhibited plutonium concentrations of 0.00 pCilg to 
3.94 pCi/g. Soils at locations south and east of the 903 Pad 
recorded the highest plutonium concentrations. 

EXTERNAL GAMMA 
RADIA TION DOSE 
MONITORING 

Average annual dose equivalents measured onsite, i n  
perimeter environs, and in nearby communities were 154. 
157. and 159 millirem (mrem), respectively. These values 
are indicative of background gamma radiation in the m a .  

RADIATION DOSE 
ASSESSMENT 

Maximum radiation dose from all pathways to a hypothetical 
individual continuously present :it the site boundary was 
0.52 nirem 50-year (yr) conimitted EDE or 0.52 percent of 

X X  

the DOE standnrd for all pathways. The maximum radiation 
dose to an individual from RFP air emissions of radioactive 
materials, as determined by the AIRDOS-PC meteorological 
dispersionlradiation dose computer code, was 4.3 x 10-5 
mrem from measured building air emissions and 0.21 mrem 
from estimated soil resuspension. Collective population dose 
to a distance of 50 mi was estimated as 2 x 101 person-rem 
50-yr committed EDE. 
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ROCKY FLATS SITE 
ENVIRONMENT 

The Rocky Flats Plant (RFP) occupies an :!rea of 6.550 
acres in northern Jefferson County. Colorado. npproni- 
mately 16 miles (mi) northwest of Denver (Figure 1 - 1 ) .  
Main prducrion facilities we located near the center of R1.T 
within a fenced security area o f  384 acres. l h e  remining 
plant area contains limited support facilities and serves a s  :I 
buffer zone IO major production weas (DOEXO). (Note: 
Literature citations abbreviated within this report arc 
alphabetically listed in the References section, page 149.) 

Approximately two million people live within a SO-mi radius 
of RFP. Adjacent land use is Q mixture of agriculture, open 
space, industry, and low-density residential housing. 

Boulder %4 

2 
Figure 1-1. Area Map of RFP and Surrounding Communities 
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RADIATION AT THE 
ROCKY FLATS PLANT 

The RFP uses radioactive materials and radiation-producing 
equipment. Radiation-producing equipment includes X-ray 
machines and linear accelerators. Important radioactive 
materials include plutonium, americium, uranium. and 
triiium. The potenti:il exists for these materials to be handled 
in  sufficient quantities to pose an offsite hazard. The most 
important potential contributor to radiation dose from these 
materials is the alpha radiation emitted by plutonium, 
americium, and uranium. 

Because of the low penetrating ability of alpha radiation. 
these materials are primarily a potential internal radiation 
dose hazard; that  is, the radioactive material must be taken 
into the body for the alpha radiation io be harmful. For this 
reason, environmental protection at RFP focuses on 
minimizing release of radioactive materials to the 
environment. Environmental monitoring focuses on 
p:ithw;iys by which the materials could enter the  body such 
:is air inhalation and water ingestion. A pathway is a 
potential route for exposure to radioactive or hazardous 
ni:iteri:ils. 

Appendix A, “Perspective on Radiation,” describes the basic 
concepts of r:idiation. Readers unfamili:u with the types and 
sources of ionizing radiation are encouraged to read 
Appendix A for a better understanding of environmental 
monitoring data and radiation dose assessment at RFP. A 
det:iiled assessnient of radiation dose to the public from RFP 
is presented in  Section 4. “Radiation Dose Assessment.” 

. 

2. COMPLIANCE SUMMARY 

._ -- 

Monitoring data are obtained from routlne wmpllng to measure 
environmental impach resulting from RFP actfvltles. Results from 
this monitoring are reported to kxai, state, and federal agencies 
including the Envlronmental ProtecHon Agency (EPA), DOE, and 
Colorado Department of Health (CDH), who are responslbie for 
enforcing environmental regukttons a? RIP. These agencies 
oversee compliance with appikable standards, h u e  pennlh. 
participate in Joint monltoring programs, and inspect ,elli?les. 
This section coven RFP compliance with environmental 
regulations. 
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COMPL w m  

I n  Septeniher 1990, the Secretary o f  Energy made a 
coniinitinent to initiate prep:irntion of the RFP Sitewide EIS. 
The NO1 for the Sitewide EIS was published in the Fcrfcral 
Rcgisrcr during the first quarter o f  199 I :ind underwent 
public scoping and coniinents. A prcliminory work plan and 
a statement of work fo r  the RFP Sitewide EIS were 
completed on December 2 I ,  1990. 

During 1990. development o f  EAs for the following pro- 
posed actions were initiated: 

- Building 374 Liquid Waste Tre'rtnlent Facility Upgndes 
* Construction and Use o f  a Residue Drum Storage 

Facility - Ilewatering and Resource Conservation :ind Recovery 
Act (RCRA) Pimi:il Closure Action o n  Sol:u Evaporation. 
Ponds 
Mixed Waste Disposal Operaiiolls at rhe Nevad:l Test 
Site 

Environmental Assessments 

- 
* New Sanitary Lindfill 
* Process Waste Transfer System 

Proposed Surface Water Interim Measures/lnterim 
Remedial Action Plan/Environnlent:ll Assessment and 
Decision Document for the South Walnut Creek Basin 

The EA for 881 Hillside Sites Interim Remedial Action, 
DOW-,44413, was approved by the DOE; :I Finding of No 
Signific:int linpact (FONSI) was published i n  the Federal 
Register o n  Janu:iry IO. 1990. An EA of the Super- 
compactor :ind Repackaging Facility (SARI:), DOUEA- 
0432. was published in  July; the DOE isstled :I FONSI in  the 
Fetlcrtil Regisfer on A U ~ U S I  IO, 1990. 

The implementation of NEPA focuses on the pre-decisional 
aspects of an action. Mitigation is pmt of the post-decisional 
phase of NEI'A. The Secretary of Energy Notice SEN-15- 
90. Section 1-1. requires the publication of a Mitigation 
Action Plan (MAP) before an EIS or EA/FONSI is 
completed. The MAP documents environmental commit- 
ments made i n  an EIS/Record o f  Ilecision (ROD) or an 
EA/FONSI and reports iniplement:ltion of those commit- 
ments. The MAP for the SARF is expected to be issued in 
the spring of 1991. 

Mitigation Action Plans 

CLEAN AIR ACT (CAA) 
The Clean Air Act (CAA) sets stantlards for ambient air 
quality and hazardous air pollutants. At RFP. the emphasis 
is on radioactive hazardous emissions. 

National Emission 
Standards for Hazardous 
Air Pollutants (NESHAPSI 

National Emission Standards for Hazardous Air Pollutants 
(NESFIAPs) govern both radioactive and nonradioactive 
pollutants and are administered by the Environmental 
Protection Agency (EPA) or the Colorado Department of 
Health (CDH). CDH has been granted authority by the EPA 
to regulate several hazardous pollutants including beryllium, 
mercury, vinyl chloride, and asbestos; however, authority to 
regulate radionuclides currently lies with the EPA. Under 
regulations promulgated in 1989, NESHAPs limited the 
radiation dose from airborne radionuclide emissions from 
DOE facilities to 10 millirem per year (mrem/yr) effective 
dose equivalent (EDE) to any member of the public. A 
compliance repon with dose calculations is due to EPA by 
June 30 of each year for the previous calendar year. RFP 
submitted the required Air Compliance Report and dose 
calculations for the calendar year 1989 to the EPA in June 
1990. This report showed a calculated whole body dose 
equivalent to the maximally exposed individual from air 
pathway only of 0.23 mrem. Dose calcula$ons for the 1990 
calendar year are given in Section 4, Radiation Dose 
Assessment." 

Colorado Air Qualify Regulation #8 implements NESHAPs for nonradioactive 
Control Regulation #8 pollutants in Colorado. Work standards. emission 

limitations. and ambient air standards for hazardous air ~~ ~~ ~ 

pollutants including asbestos, beryllium, mercury, benzene. 
vinyl chloride. lead. and hydrogen sulfide are specified in 
this regulation. Potential hazardous air pollutants at RFP 
include asbestos and beryllium. Asbestos was used as 
insulation in the older facilities and is handled according to 
NESHAPs regulations during demolition. renovation, or 
disposal. Beryllium is machined at RFP. The emissions 
standard is 10 grams (9) of beryllium over a 24-hr period. 
Beryllium emissions did not exceed this standard in 1990. 

Beryllium compliance testing will be conducted on five air 
ducts that have the highest potential beryllium emissions 
upon resumption of process operations at RFP. Process 
operations were suspended in 1989 and did not resume in 
1990. The testing will measure berylliunl emissions for 
24-hr periods in accordance with EPA standards and will 
serve as the basis o f  an application for a waiver of emission 
testing and daily sampling requirements. 

10 1 1  
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Compliance lssues Notices Of Violation (NOVs). On April I I .  1990. 
NOVs were received from CDH for ( I )  failure to have a 
submerged fi l l  tube and vapor control system for an 
underground gasoline storage tank at Building 331, and (2) 
failure to have air emission permits or Air Pollurant Emission 
Notices (APENs) for two spray paint booths and a shot 
blaster in Building 333. A following inspection by CDH 
revealed that facilities at Building 331 were not in violation. 
The NOV for these facilities expired without funher action 
by CDII or DOE. CDH issued an Order for Compliance on 
May I ,  1990. respective to facilities at Building 333, that rc- 
quired submittal of air emissions permits and APEN forms. 
nese  documents were submitted on March 29, 1991. 

Radioactive Stack Sampling Protocol. Several  
studies we% initiated in  191X)(and will be colnpleted in IYI l-  
1992) to determine RFP's compli;ince with EI'A's radioac- 
tive stack sampling protocol. Code of Federal Regulations 
(CFR) Title 40. Part 61, Subpart 11, which was promulgated 
on December 15, 1989. and made effective that same date. 
These studies involve preparing "as built" duct drawings. 
duct effluent characterization, eflluent particle size and 
composition. and isokinetic stack sampling. Air monitoring 
systems that do not meet EPA protocol will be reviewed for 
exemption under "alternative methods." provisions of EPA 
4 0  CFR 61. Subpart ti, 61.93(b) 3. Nonexempt systems 
will be upgraded to meet EPA standards. A Federal 
Facilities Compliance Agrecinent (FFCA) between DOE and 
EPA Region Vl l l  is expected t o  be signed in 1991 to 
establish a schedule for applicable sources to meet the 
requirements of 40 CFR 61. Subpan 11. 

Colorado A i r  Quality Control Regulation #3. 
Reguliition # 3  implements informatioll gathering and 
permitting processes of air pollution control requirernents 
listed under Code of Colorado Regulaiions. Title 5 - 
Department of Health, Chapter IOOI.  Air Quxlity Control 
Commission (AQCC) Regulations, Ariicles 2-13, IS, and 
16. The APEN form allows CDI4 to track air  polhtiion 
sources. detemiine their inipacts.,;ind issue appropri:w air 
emission permits. AI'ENs are required for most sources 
emitting :iir pollutants as drtinetl i n  the Common Provisions 
of the AQCC Regulations. 
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Rocky Flats Plant 
Site Environmen)olort lor 1990 

Preparation of an air emissions inventory for  K I P  W;IS 
outlined in the DOUCDlI Agreement in I'rinciple (All,'),of 
June 1989. An APHN is required for any prtress o r  actlvlly 
that has h e  potential of ( I )  an unconuolled einissiotl grc:tter 
than I pound per day for any hiizlirdous or toxic :iir 
pollutant, (2) an uncontrolled emission greater than I ton pcr 
year for any pollutant, or (3) emissiotis arising from storage 
and transfer facilities and surface co:tting processes :IS 
defined under AQCC Regulalitm #7. I n  1090, K I P  iniikaed 
a vent survey and chemical usage an:ilysis of 104 process 
and support buildings to detennine which f:tcilitics require 
APEN documentation and/or air emission pcnnits. I'rocess 
and support buildings for which AI'EN documents were 
submitted to CDH in 1990 are listed in'rable 2-1. 

Table 2-1 
Bulldlngs lor Which Alr Pollutlon Emlsslon Notlces Were Submllted In 7990 

Buudllu 

886 

729 
779 
782 

- 

mi 
219 
559 
St 
952 
964 
T452F 
1707s 
37 I 
701 

549 
nt . 
552 
553 
776 
777 
447 
448 
451 
443 

- 
Uranium Solutin Evapaata 
1 I PMdaae Sh&n 
Fher Plenwn Buklhg 
Research h Dovebpnenl 
Fher Planum euddinp 
Miiowave V~rikdlhl P I W S S  
LandliU 
Plutonium Analytical Lebaalary 
Fher Plenum euddinp 
lsdaled Gas Slorage 
Storage Bllilding 
Haahh ElIac4s LeboraloIYflndwlMl 
Oil Slorage 
Plutonium Recovery 
Manuladuiin) Building 
Plulonium Recovery 
Alarm Syslems 
Gas Storage 
Weldw Shop 
Manulacluring Building 
Assemblv Euikw 
Myluladurhg Building 
Storage Building 
Fllec Plermm Bu!duq 
Heating Plan 

tiygiene 

Dale Submitted 
l!ux!.n 
01-18-90 
01-t8-90 
03-26.90 
03.26.90 
03.26-90 
05-07-90 
09-25-90 
09.25-90 
09.25-90 
1D18.90 
tD18.90 
101590 
101590 
11.07-90 
11.2090 
11-3090 
1207.90 
1207-90 
12.07-90 
12-1740 
12-17-90 
12.17.90 
12.17-90 
12-1 7-90 
12.28.90 



Sedion 2. C O M P L M % W & W  

CLEAN WATER ACT 
(CWA) 

National Pollutant 
Discharge Elimination 
System (NPDES) 

i 

The Clem Water Act (CWA) requires the EPA to set national 
effluent limitations and water quality standards and estab- 
lishes a regulatory program to ensure enforcement. In 
Colorado. discharge permits for federal facilities such as 
RFP are issued by the EPA. The State of Colorado sets 
water quality standards for receiving streams and bodies of 
water. These standards are applied through National 
Pollution Discharge Elimination System (NPDES) permits 
issued by the EPA. Table 2-2 lists current RFPenvironmen- 
tal permits and permit applications. 

The NPDES permit program controls the release of 
pollutants into United States waters and requires routine 
monitoring and reponing of results. The NPDES permit for 
RFP (#C0-0001333) identifies seven monitoring points for 
control of discharge; three of these discharge points, Ponds 
A-4, B-5. and C-2, are capable of discharging water from 
RFP. The current permit expired in 1989. but was 
administratively extended until renewed. An application for 
renewal was filed i n  a timely fashion with EPA. No NOVs 
were received in 1990 for violation of NPDES requirements. 
NPDES permit exceedances are summarized in Section 3.3, 
"Surface Water Monitoring." RFP terminated spray 
irrigation from Pond 8-3 i n  March 1990 until regulatory 
issues could be resolved regarding conditions under which 
spray irrigation would begin again. 

An informal agreement (between CDH and DOE) was 
reached requiring consent from CDH before discharging 
Ponds A-4, 8-5, and C-2. Samples are taken and split for 
analysis by CDH, EG&G Rocky Flats. Inc., and indepen- 
dent EPA registered laboratories. Once concurrence is 
received from CDH. pond waters are passed through filter 
systems and carbon adsorption facilities to reduce contami- 
nants. The NPDES permit requires the opention of ponds at 
a spill capacity of 90 percent or greater. However, because 
of inherent delays caused by concurrent sampling and 
analysis before CDkI consent for discharges and the con- 
tinuing storage of inflows, Ponds A-4, 8-5, and C-2 have 
been operated with less than 90 percent spill capacity. 
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Table 2-2 
Envlronrnental Pemlts and Permlt Appllcatlons 

PermlU 
A R r L w m  

( I  2 ~ 6 m 4 )  
. NPDES 

Building 122 

Building 771 

Buildihg 776 

Incinerator (WYS2) 

Incinerator ( S n W  

Incinerator (MYS21 

Renewed (turaia9) 
FUghNe oust 

Pondnete Shelter E5 

Pondcrele Sheher 16 

Pad E750 

Pad 1750 

Pondcrele Shelter 110 

PondueIe Shener El1 

umalysii Ldmany Fume 

RCRA Part A 
Revision 5.0 

Pad 1904 

Pad 1904 

H d  - Bldg. 123 

RCRA Part A 
Revision 6.0 

RCRA Part B 

RCRA Part B 

rumtIsI 
CO-0001333 

C12.931 

12JE932 

C-13.022 

87JE084L 

90JE045-1 

90JE045-2 

9WEM5-3 

90JEM5-4 

WE018 

CO-7890010526 

CO-7890010526 

CO-7890010526 

CO-7890010526 

tAQ!&m 

Waler 

A i  

Ab 

Ab 

A i  

A i  

Air 

AU 

Air 

Air 

Hazardcus. 
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CDH 

CDH 

COH 

COH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 

CDH 
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Application lo 
revisin pending 

AdNe pelma 
(inklive source) 
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(madive source) 

Adive permit 
(inklive source) 

Adke permit 

Initial appmval 

Initial approval 

Initial appmval 

Initial appmval 

Adive p e d  

lnlerim slatus 
approved lor aperation 
01 Ponduete Remix 
(acililies 

Inlerim slidus. 
mnditiinal approval 
lor aperation 01 
SI@. 886 Baler 

Apprialion 
revised. suknied 
March 1991. 
perma pending 

Applialion 
submitted. 
permit p e d i  
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TOXIC SUBSTANCES 
CONTROL ACT (TSCA) 

Compliance Issues 

RESOURCE 
CONSERVATION AND 
RECOVERY ACT (RCRA) 

Part A and Part B Permit 

7he Toxic Substances Control Act (TSCA). administered by 
the EPA, authorizes testing and regulation of chemical sub- 
stances entering the environment. TSCA supplements sec- 
tions of the CAA. the CWA, and the Occupational Safety 
and Health Act (OSHA). Compliance with TSCA at RFP is 
directed at management of polychlorinated biphenyls (KBs)  
and asbestos. 

In  1990, sixteen 55-gallon drums of nonradioactivity- 
contaminated PCB capacitors were shipped offsite for dis- 
posal. Disposal sites for radioactivity-contaminated PCB 
wastes are unable to receive RFP waste at this time. RFP is 
storing radioactivity-contaminated PCB waste beyond the 
I-year storage limit imposed by TSCA. DOE notified EPA 
that storage would be necessary until a commercial or DOE 
treatment and disposal facility capable of receiving this waste 
was identified. 

Nonradioactivity-contaminated, nonfriable asbestos waste is 
disposed of in a designated area of the RFP landfill. Non- 
radioactivity-contaminated, friable asbestos waste is pres- 
ently being held i n  storage unt i l  disposal issues with the 
CDH can be. resolved. Radioactivity-contaminated asbestos 
waste is being stored onsite until  disposal at the Nevada Test 
Site is approved. 

The Resource Conservation and Recovery Act (RCRA) 
provides cradle-to-grave control of hazardous waste by im- 
posing management requirements on generators and trans- 
porters of hazardous wastes and on owners and operators of 
treatment, storage, and disposal facilities. The State of 
Colorado, under authority of EPA, regulates hazardous 
waste and the hazardous component of radioactive mixed 
waste at RFP, although EPA retains authority for certain 
regulatory provisions such as land disposal restrictions. 
Solely radioactive wastes are regulated by the Atomic Energy 
Act of 1954 as administered through DOE orders. 

The RCRA Part A perniit application identifies ( I )  facility 
location. (2) owner and operator. (3) hazardous and mixed 
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wastes to be. managed, and (4) hazardous waste management 
methods. A facility that has submitted a RCRA Pan A 
permit application is allowed to manage hazardous wastes 
under transitional regulations known as the Interim Status 
Requirements pending issuance of a RCRA Operating 
Permit. The RCRA Part B permit application consists of a 
detailed narrative description of all facilities and procedures 
related to hazardous waste management. 

RCRA Pans A and B permit applications for RFP cover 
hazardous waste treatment and storage operations. RFP 
does not practice hazardous waste disposal. Since the early 
1980s. a series of RCRA Pan A permit applications have 
been submitted to the CDH. During 1990. the Part A permit 
application for hazardous and low-level mixed waste was 
revised twice. Revision 5.0 was submitted to CDH in  
January 1990 requesting a change to interim status to allow 
operation of the Pondcrete Remix facilities on 750 and 904 
Pads; this change was approved by CDH in April 1990. 
Revision 6.0 of the RCRA Part A application for hazardous 
and low-level mixed waste was submitted in  June 1990 
requesting a change to interim status to allow operation of a 
low-level mixed waste baler and a nearby storage area in 
Building 889; this request was approved by CDH, with 
certain conditions, in December 1990. 

The RCRA Pan A permit application for transuranic (TRU) 
mixed waste was last revised i n  November 19x9 (Revision 
3) to request a change to interim status to allow operation of 
the SARF and the TRU Waste Shredder. Additional infor- 
mation covering the Supercompactor and Shredder was 
submitted to CDH in  May 1990 at their request. CDH 
conducted a public comment period to review the application 
in  November and December 1990. The change to interim 
status is pending CDH approval. Several other minor and 
temporary changes to interim status were requested in  
various 1990 memoranda, including changes to interim 
status for four enhanced evaporation techniques at the Solar 
Evaporation Ponds. 

Separate RCRA Part B permit applications have been 
submitted previously for hazardous and low-level mixed 
waste (December 1989) and TRU mixed waste (July 1988). 
CDH has prepared a draft RCRA permit for 9 of 20 
hazardous and low-level mixed waste h i t s  at RFP and a 
Notice of Intent to Deny (NOID) for the remaining 11 units 
in October 1989. RFP submitted comments on the draft 
RCRA permit in December, 1989 and submitted a revised 
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the ground and onto the concrete pad surrounding the valve 
vault south of Building 124. Special vacuuming was used to 
remove the mercury from the concrete. and contaminated 
soils were excavated to return the area to normal operating 
conditions. The final incident involved an injury on the 904 
Pad that was directly atmibutable to high winds. 

Radioactive and Mixed Waste. Radioactive waste and 
radioactive mixed waste generation decreased in ,1990, 
primarily because of the suspension of operations in the 
plutonium and uranium manufacturing areas. TRU waste 
prtxluction declined from 1,342 cubic yards (yd3) in 1989 to 
307 yd3 in 1990. Similarly, low-level witste (LLW) produc- 
tion declined from 7,417 yd3 in  1989 to 2,555 yd3 in  1990. 

Evaluation and implementation of alternatives in  the Waste 
Minimization Opportunity Assessment (RFP Waste 
Minimization Assessment Report and Amendments, 
December 1989 and March 1990, respectively) continued in 
1990. In December 1990, the feasibility of a carbon dioxide 
pellet-blasting system to remove uranium contamination 
from surplus equipment and other nietiil objects was 
demonstrated. This system was tested as an alternative to 
size reduction and disposal pr:ictices for low-level metal 
waste streams currently used at RFP. 

Waste Operations 

I l a m r d o u s  Waslcs. Hazardous waste generation 
decreased 17 percent from 108 yd3 in  1989 to 89 yd3 i n  
1990. Spent solvents. solvent-contaminated combustibles, 
wxte oils, and paint products :iccounted for more than SO 
percent of the hazardous waste generated at RFP. Equip- 
ment and tooling chhges were implemented to eliminate a 
chromium-bearing sludge in  Building 460. This waste 
stream was previously generated by an electrocheniical 
milling process. 

Solid (Nonhazardous) Wastes. The amount of 
recycled paper increased 23 percent. from 115 tons in 1989 
to 141 tons in 1990. Scrap metal sales in 1990 were as 
follows: 

- Stainless steel (machine turnings and assorted solids) - 
29,283 Ib 
Mild steel - 456,883 Ib - Aluminum - 1.833 Ib 
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Copper - 10,000 Ib 
* Lead - 41,380 Ib 

I n  an effort to decrease solid waste generation in RFP 
cafeterias. a project that involves using washable dishware 
and utensils instead of disposable items was initiated in 
1990. 

Settlement Agreement a n d  .Compliance Order  on 
Consent No. 89-10-30-01 (commonly referred to 
as  "Residue Compliance Agreement"). The DOE 
and CDH signed the Settlement Agreement and Compliance 
Order on Consent No. 89-10-30-01 on November 3. 1989, 
regarding alleged violations of the RCRA hazardous waste 
regulations pertaining to proper waste management of 
residues. RFP submitted the following reports to CDH in 
late 1989 and in 1990 in accordance with this agreement. 

Residue Inventory Report (December 15, 1989) 
Draft Compliance Framework Report 
(December 15. 1989) 
Residue Classification Plan (January 31, 1990) 
DescriDtions of all Drocesses used to recycle residues 
(Februhry I ,  1990) ' 
Compliance Evaluation Report and Interim Compliance 
Plan (March 2. 1990) 
Residue Characterization Plan (March 30, 1990) 
Residue Classification Report (June I .  1990) 
Mixed Residues Compliance Plan (September 28. 1990) 

The Mixed Residues Compliance Plan was prepared to meet 
the requirements of the Settlement Agreement and Compli- 
ance Order on Consent, as well as to provide 3 schedule for 
compliance with the conclusions of the United States Disaict 
Coun for the District of Colorado in the Civil Action No. 89- 
8-181, Sierra Club, Plaintiff, vs. United States Depanment 
of Energy and Rockwell International Corporation, a 
Delaware Corporation, Defendants. The Mixed Residues 
Compliance Plan included the following actions to bring 
residues into compliance with the Colorado Hazardous 
Waste Regulations found in 6 Colorado Code of Regulations 
(CCR) 1007-3 Parts 100. 262. and 265; methods to 
minimize generation of RCRA-regulated residues; and 
actions to reduce the amount of RCRA-regulated residues in 
storage. 
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- One-Year Report - describes all efforts undertaken by the 
DOE since the date of the agreement to achieve 
compliance with the RCRA LDR storage prohibition at 
RFI’. including statutory and regulatory initiatives 
pursued at the DOE-IiQ level. The One-Year Repon 
describes specific actions t h a t  RFP has taken to develop 
LDR-compliant treatment for its mixed waste sbeams. It 
also describes actions DOE-HQ has taken to address 
concerns related to the LDR storage prohibition for 
mixed wastes for the entire DOE complex. 

Copies of these reports are available in the RFP Public 
Reading Room at the Front Range Community College i n  
Westminster, Colorado. 

COMPREHENSIVE 
ENVIRONMENTAL 
RESPONSE, 
COMPENSATION, AND 
LIABILITY ACT (CERCLA) 

The CERCLA and its major amendments (Superfund Amend- 
ment and Reauthorization Act ISARA]) provide funding and 
enforcement authority for restoration of hazardous waste 
sites and for responding to hazardous substance spills. Sites 
contaminated by past waste activities must be investigated 
and remediation plans developed and implemented. The 
intent of these actions is to minimi7s the release of hazardous 
waste or other hazardous materials. thereby protecting 
human health and the environment. CERCLA requirements 
are addressed in a series of sequential phases designed to 
identify, design. and complete restoration of contaminated 
sites. CERCLA activities at RFP are dictated by the IAG. 

INTER-AGENCY 
AGREEMENT (IAG) 

The IAG was renegotiated early in  1990 following receipt of 
public and agency comntents on the draft agreement sub- 
mitted for review in  December 1989. A revised agreement 
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was published on August 17, 1990. The fin:tl agreement. 
reached in  January 1991 and signed by EPA. CDH. and 
DOE, included the following revisions: 

- Operable Units were re-ordered to emphasize priority of 
offsite areas (i.e.. areas located east of Indiana Street). 

The number of OUs was increased from IO to 16 to 
better focus on the unique characteristics of different 
restontion areas (Table 2-3). 

I 

Table 2-3 
Former and Curreni Prlorltlzatlon of Operable Unlts 

by the Inter-Agency Agreement 

Former Operable OU Number 
QescriDtlon - . .  

01 
02 
10 
03 W a r  Ponds 
04 Woman Creek 
04 Walnut Creek 
03 Present Landfill 
05 
03 OPWL 
03 OOC 
03 West Spray Field 
06 
07 
09 
03 Inside Building Closures 
08 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 

881 Hilkide Area 
903 Pad Area 
Otlsile Areas 
Solar Ponds 
Woman Walnul Creek Creek 

700 Present Area Landfill 

Original Process Waste Lines 
Other Oulside Closures 
West Spray Field 
400ls00 Area 
100 Area 
Aadioaciive Sites 
Low-Priority hside Building Sites Cbsures 

The IAC clarifies EPA, CDH. and DOE regulatory roles. 
coordinates oversight efforts and corrective actions, 
standardizes requirements, and ensures compliance with 
orders and permits. The agreement also specifies delivery of 
major reports, project management activities and milestones. 
and includes community involvement and decision making 
responsibilities. The IAG establishes a procedural fr:tme- 
work and schedule through which response actions are 
developed, implemented, and monitored i n  accordence with 
CERCLA, RCRA, and the Colorado Hazardous Waste Act. 
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these requirements is to provide the public with information 
on hazardous chemicals in their communities, enhancing 
public awareness of chemical hazards, and facilitating 
development of local and state emergency response plans. 

Under Sections 301 and 302. the EPA requires the 
establishment of State Emergency Response Commissions 
(SERCs), which are responsible for the formation of 
emergency planning districts and local emergency planning 
committees. Also under these requirements, facilities that 
produce, use, or store listed. extremely hazardous sub- 
stances above the threshold planning quantity, must notify 
the SERC and the Local Planning Committees (LEPCs). 
RFP participates in  the activities of the LEPCs established 
under these sections for emergency planning at the county 
level of government. RFP also maintains a n  emergency 
preparedness document for the plant and conducts annual 
mock emergency response scenarios to determine the 
effectiveness of the plan and the ability of plant directorates 
to respond. 

Secfions301, 302, and304 

Section 3 I I 

Section 304 requires facilities to provide emergency release 
notification for any release of a reportable quantity of an 
extremely hazardous substance (as defined under Section 
302) or a CERCLA hazardous substance that extends 
beyond a facility's boundaries. A facility reporting such a 
release must first give notice by telephone with written 
follow-up as soon as practical to the community emergency 
coordinator, State Emergency Response Commission, and 
the National Response Center (for CERCLA hazardous 
substances). RFPs Waste Programs Department makes 
these notifications if such releases occur. 

Under Section 31 I .  facilities must submit to the SERC. local 
committees. and the RFP Fire Department (FD), copies of 
Material Safety Data Sheets (MSDSs) or a list of all 
chemicals above certain thresholds that are defined as 
hazardous by the OSIIA Hazard Communication Standard. 
After the initial submittal. Section 31 I requires the submittal 
of updates within 3 months for new chemicals that become 
subject to the OSHA Hazard Communication Standard or 
after discovering new information. This information was 
provided to the SERC, LEPC. and the RFP FD by RFPs 
Industrial Hygiene Department in 1987 to meet the original 
requirements, and MSDS updates have been provided to 
these agencies when required. 
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Section 312 of EPCRA requires facilities to prepare an 
annual report titled, "Tier II Emergency and Hazardous 
Chemical Inventory Forms,'' listing the quantities and 
locations of hazardous chemicals. Section 31 2 covers 
hazardous chemicals under OSHA's Hazard Communication 
Standard (with limited exceptions). Any facility that is 
required to prepare or have available an MSDS for a 
hazardous chemical under OSHA's Hazard Communication 
Standard must submit Tier I information on a form or, if 
requested or in  lieu of Tier I submittal, Tier I1 information to 
SERC, LEPC and the RFP FD. The Tier I or Tier I I  
information must be submitted annually, beginning on 
March 1, 1988. RFP submitted this report to the following 
agencies in 1990: Colorado Emergency Planning Commis- 
sion, Jefferson County Emergency Planning Committee, 
Boulder County Emergency Planning Committee, and the 
RFP FD (jurisdictional tire department). 

Section 313 of EPCRA requires facilities to prepare an 
annual report titled "Toxic Chemical Release Inventory, 
Form R." if annual usage quantities of listed toxic chemicals 
exceed certain thresholds. In 1990. threshold chemical 
usage quantities were ( I )  25,000 Ib for listed chemicals 
either manufactured or processed, and (2) 10,000 Ib for 
listed chemicals otherwise used. 

Facilities must report quantities of both routine and 
accidental releases of listed chemicals, maximum amount of 
the listed chemical stored onsite during the calendar year, 
and amount contained in  waste transferred offsite. The 
owner or operator of the facility on the reponing date, July I 
of each year, is primarily responsible for reporting the data 
for the previous year's operations at that facility. Any other 
owner or opcrator of the facility from January 1 of the data 
generation year to June 30 of the reporting year may also be 
held liable. RFP submitted a report to the EPA and to the 
State of Colorado in 1990, detailing the following chemicals 
used in  1989. 

Nitiic acid 
Sulfuric acid 
Carbon teuachloride 
1 .I .I -trichloroethane 
Phosphoric acid 
Hydrochloric acid 
Ethylene glycol 
Freon 1 I3 

45,634 
44,194 
27,575 
13,423 
12,545 
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AGREEMENT IN 
PRINCIPLE (Alp) 

A n  Agreement in  Principle (AIP) was executed between 
DOE and the State of Colorado on June  28, 1989. This 
agreement identified additional technical and financial 
suppon by DOE to Colorado for environmental oversight. 
monitoring. remediation. emergency response, and health- 
related initiatives associated with the RFP. The agreement 
also addressed RFP environmental monitoring initiatives and 
accelerated cleanup where contamination may present a n  
imminent threat to health or the environment. The agreement 
is designed to ensure citizens of Colondo that public health. 
safety, and the environnient are being protected through 
accelerated existing programs and substankial new commit- 
ments by DOE, and through vigorous programs of 
independent monitoring and oversight by Colomdo officials. 
The programs put into place under this agreement have 
continued through 1990 and remain o n  schedule. 

GOVERNOR'S 
SCIENTIFIC ADVISORY 
PANEL 

The Honorable Roy Romer. Governor of Colorado. created 
a Governor's Scientific Advisory Panel on Rocky Flats 
Monitoring Systems on July 7, 1989. The council provides 
information regarding environmentill restoration. waste 
management, and monitoring. Monthly public meetings are 
held, and a bimonthly newsletter is published. 

The final report of the Panel was completed in 1990; major 
recommendations were: 

Development of a total environ~i~ental information 
system for RFP. 
Development of a computeriud data management system 
for &ala analysis and graphic display. 
A mass balance tabulation for materials going into and 
out of RFP to identify likely relcases to the environment. 
Ambient air monitoring for six nonradioactive hazardous 
substances. 

* 

I 

Rm&y Rots Plont 
Site 

Other recommendations were grouped i n  categories of 
quality assurance arid control. monitoring of ground and 
sufiace water. soil, vegeration. and nieteorologic monitor- 
ing. Efforts are underway by EG&G Rocky Flats, Inc., 
DOE, and CDH to address these nconimendations. 

I 
i 

DOE et a/.) I 

SETTLEMENT 
AGREEMENT Church vs. 

I 

A settlement agreement among DOE, The Dow Chemical 
Company. Rockwell International, local governments, and 
private landowners was reached i n  Ju ly  1985. requiring 
remediation actions to reduce plutonium contamiliationon 
areas adjacent to the eastern boundary of RFP. Contamina- 
tion originated from the mea now designated as h e  903 Pad 
and occurred through airborne dispersion of plutonium 
particles. Soils analyses revealed offsite plutonium levels 
exceeding the Colorado standard of 2 disintegrations per 
minute per gram (dpnilg) (0.9 picocuries per gram 10.9 
pCigl) though the EPA screening level of 44.4 dpnl/g (20.0 
pCi/g) was not exceeded. Court-ordered rcinedial action 
was designated for 350 acres through plowing and 
revegation to prevent resuspension of the plutonium. Legal 
ownership of these conrnminated lands W;IS transferred to 
Jefferson County and the City of Broomfield for reservoir 
expansion and open space (no public access is permitted). 

Approximately 120 acres of Jefferson County land have 
been treated by plowing, tilling, and seeding. Plutonium 
levels for these areas are now within stiltr limits. Revegela- 
tion measures have been successful on a portion o f  this area 
(EG9 I a). 
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The objectives of envlronmentai management at RFP are to mlnlmlze 
and, where practical, eliminate the dkharge of radiwcthre and 
nonradioactive hazardous effluents and to restore and enhance the 
environment in and around RFP. Performance of these objectives has 
been measured by monitoring programs derlgned to quanMy potentlal 
impacts to the publlc and the envlronment. Thls section Is an ovewlew 
of these progmms, while Section 3 subsections describe them In greater 
detail. 
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OVERVIEW 
RFP conducts operations that  involve or prtduce liquids. 
solids. and gases containing radioactive arid nonradioactive 
potentially hazardous materials. KFP environmental pro- 
grams monitor penetrating ionizing radiation and pertinent 
radioactive, chemical, and biological pollutants. 1)atii on air. 
surface water. drinking water. groundwater. and soils 
provide informalion to assess iminctliate ; i d  long-term 
environmental consequences of normal ;ind unplanned 
effluent discharges and actual or potenti:il exposures to 
critical populations. Site-specific data ;ire used to cvalua~e 
risk to humans and 10 assisi in  the wxniiig of uiiusual or 
unforeseen conditions when speck11 environmental nioiii- 
toring programs might be activated. Koutine xports to I ( ~ c u l .  
state. and federal agencies and to the public provide infomia- 
tion on the performance of these programs i i i  iii:iint;iining 
and improving envitonmental quality and public heiilth and 
safety at RI’P. Table 3-1 is a list ofihesc reports. ’I’able 3-2 
lists the primary environments1 compli:incc st;iiid:irJs for 
environmental monitoring programs ; i t  K I V .  Additional 
compliance standards for air, surface water. m1iI ground- 
water programs are given under references E W I  k ,  EG9I I, 
and EG90r. respectively. 

The Curulogice iif Moiriroriq Acriviries 111 Kocky F lc~ l s  
(RIW),  together with groundwater reports (I’.G9Oc. l ~ G 9 l l 1 ,  
EG9,li. EGY Ij). describe routine K I T  environmental 
monitoring progmns. Ihese progrmis provide current and 
historical perspectives on the impacts of K f l ’  on the environ- 
ment. Sections 3.1 through 3.6 of this report sunim;irize 
results of routine environmental inonitoriiig pr(igraiiis at 
RFP in 1990. Appendix D gives :I clet:iikd expl:instion of 
the sampling pnzcedures irsed by 1;ibor:itories and defines 
detection limits and error term prop:ig;itioii. Kesults an: 
commonly compared to appropriate guides and standards 
that establish limits for radioactive and nonr;rdioactive 
effluents. Readers unfamiliar with these standards are 
encouraged to review Appcndix t3, “Applicable Guides and 
Standards.” 

Sitewide monitoring progcuns ;ire tlcscrihed. :ind results for 
1989 an: presented. in  drafi dtxxnienrs titled, I Y S Y  Surfircc 
IVurer uiul Seditwm Ceochotiii~irl Chirri~ourizrrrii~ir Rcpiirr 
(EG9 Id) nnd L~crck.~yotr~iil Geochemicirl Cliirrircreriztriioi~ 
Reporr for l Y S Y  (EG9Of). Sitewide monitoring programs 
chxicrerize and contrasi ciiviroiiiiirrit;rl dcgcidxion at sites 
throughout KFP based on analyses of surface wiiter, stn:aiii 
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Table 3-1 
RFP Environmental Reports 

Air Compliance Report (40 CFR 61.94) 

Ellluenl Inlormalion SyslenVOnOnde Discharge Informalion Syslem 

Envircmnenlal Prdedion lmplemenlation Plan 

Emergency and Hazardous Chemical lnvenlory Farms (Tier 11) 

Toric Chemical Release lnvenlory (Form R) 

Nalional Pollulmn Discharge Elimination Syslemillischarge Monitoring 
ReDOrl 

Polychbrinaed Biphenyls (PC9) bvenlwy 

Resource Conservalion and Recovery A d  
Groundwaler Monitoring Reparl 

Rocky Flals Environmental Monitoring R e p l  

Rocky Flals Plant S ie  Environmenlal Reporl 

Environmental Monhoring Pland 

Air Oualily Managemenl Pbnd 

. Surlace Water Managemenl Pland 

Groundwater Protection and Moniloring Program Pland 

Am& 
EPA 

DOE 

DOE 

c 

EPA 

EPA 

EPA 

EPACDH 

WEIEPAICDHI 
Counl ylCity 

DOE 

DOE 

DOE 

DOE 

DOE 

BeaEtm 
Annual 

Annual 

Annual 

Annual 

AlNlUal 

Monlhlyl 
Annual 

Annual 

Annual 

Monlhly 

Annual 

Annual 

Annual 

Annual 

Annual 

I 

a 
b. 

Reparls on major environmenlal programs prepared on a periodic basis 
EPA . Environmental Proleclion Agency; DOE - Deparlmenl 01 Energy; CDH . Colorado 
Departmen! 01 Health; Counly - Jellerson 
Ckies - ANada, Broomliald. Welminsler. Denver. Boulder, Notlhglenn. Fort Collins 

Jellerson Counly Emergency Planning Commillee 
Boulder County Emergency Planning Commillee 
Rocky Flals Fire Deparlmenl 
Reviewed annually. updated every 3 years 

c. Colorado Emergency Planning Commission 

d. 
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Table 3-2 
Primary Compliance Standards for Envlronmentai Monitoring Programs - 

AIR 
Ellluenl Air 

Nonradmive  Ambient Air - 

Radwaclive Ambient Air * 

SURFACE WATER 
Surlace Waler 

Community Wafer 

GROUNDWATER 

SOILS 

RADIATION DOSE 

NESHAP (Tile 40 CFR 61)a 
Colorado Air Oudi Cornrd Regublmn A (Tdb 5 CCR 1001) 
General Envimnmenlal Proledion Program (WE Order 5400.1) 
Environmental. Salely. and Heahh Program lor Depanmeni 01 Energy @eratiom (DOE Older 
54aO.lB) 

NMOS (Tile 40 CFR 50)b 
Colorado Air Mi Canlml Regulations Il. R. and 83 (liik S C C R I 0 1 )  
General Envimnmenlal Proledion Program (DOE Order 5400.1) 
Environmenlal. Salay. and Heahh Program lor Deparlmetd of Energy operations (DOE Order 
5480.18) 

General Environmental Pmtedion engram (DOE Order 5400.1) 
Environmenlal. Salety. and Heallh Pmgram lor Department 01 Energy Operations (DOE Order 
5480.19) 

NPDESC (Tile 40 CFR 122.125) 
Calorado Waler Oualiy Ccnlrol Commission Sur!aca Waer Standards (Tile 5 CCR 1oW) 
General Environmental Proledion Program (DOE Order 5400.1) 
Environmenlal. Salely. and Heallh Program lor Deparlment of Energy Operatum (WE Order 
5480.18) 

National Interim Primary Orhking Waler Regublins (mle 40 CFR 141) 
Colorado Primary Drinking Water Reguhlims (Tale 5 CCR 1032) 
General Environmental Proledim Program (DOE Order 5400.1) 
Environmental. Salay. and Hedh Program lor Departmen1 01 Energy (+rations (DOE Orda 
5480.18) 

CERCLA (Title 42 U.S C. W l ) d  
RCRA (Tile 42 U.S.C. 6Wl)e 
Cdorado k a r d a u s  Wasle Managemem A d  (Tile 25 CAS. Arlicle 15) 
General Ennronmenlal Proledim Prqram (DOE Order 5400.1) 
Envirmmenlal. Salety. and Heanh Program la Oeparlment 01 Energy Operalions (DOE Order 
5480.1 B) 
Colorado Waler Quality Conlrol Commission Groundwaer Slandards 

USAEC R a k y  Fhls Pbnl. 1973 Environmental Surveiknce Summary Repod 
General Environmental Proledim Program ( W E  Order 5400.1) 
Environmental. Salely. and Heallh Program lor Departmen1 01 Energy Operatiom (DOE Order 
5480.18) 

Radiaion Proled'bn 01 Ihe Public and (he Environmem (DOE Order 5400.5) 
General Environmenlal Proledion Program (DOE Order 5402.1) 
Environmenlal. Salely. and Heaiih Program lor Departmen1 01 Energy Operations IDOE Order 
5480.16) 

a Nalianal Emission Standards for Hazardars Air d. Comprehensive Environmenlal Response. Canpensatinn and 

b National Ambient Air Oualily Slandards e. Resource Conservalmn and Recovery A d  
c. 

Ponulanls Labilily A d  

Nalional Pollution Discharge Eliminalim System 
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sediments, groundwater. and borehole materials. Results 
of these monitoring programs, together with r~sul ts  of 
routine groundwater monitoring, are used to identify 
contaminated sites and to design and monitor restoration 
activities 

In  addition to environmental programs performed by 
EG&G Rocky Flats. Inc.. several local, state. and 
federal governmental agencies conduct independent 
audits and environmental surveys within and adjacent to 
RFP. CDH, DOE. and the cities of Broomfield and 
Westminster conduct various air, water. and soil moni- 
toring programs. Data are reported collectively at 
monthly Environmental Monitoring Information Ex- 
change.Meetings. RFP provides monthly environmental 
monitoring summaries at these meetings. which m open 
to the public and have been ongoing since the early 
1970s. 

SPEClAL ASSlGNMENT 
TEAM 

On June 6, 19x9, DOE mobilized a Special Assignment 
Team (Tiger Team) to provide an independent evaluation 
of operations and practices at RFP. This followed 
initiation of a search warrant by EPA based on an 
affidavit alleging regulatory and criminal violations of 
environmental law at RFP. The United States Depart- 
ment of Justice is conducting the investigation, and a 
federal grand jury has been convened to review RFP 
compliance with applicable environmental laws. 

The environmental audit was completed on J u l y  21, 
1989. and results were reported in  the document, 
Assessnterir of Erivirunn~enral Coridiriotls (11 rlte Rocky 
Flars Planr (DOEX9). EG&G Rocky Flats. Inc., 
responded to findings of the Special Assignnient Team 
through a series of documents, the most recent of which 
is titled, Corrective Acrion Plan i n  Response 10 the 
Arigiisr I989 Asscssntenr of Enwironmeilral Corrdirions 
(11 rlie Rocky Flars Plant (EG90d). This document 
outlines 93 separate action plans that contain descriptions 
of measures to be taken by RFP to address findings and 
includes schedules. milestones, associated costs. and 
parties responsible for implementing planned actions. 
Many of the activities described in this plan overlap or 
are similar to actions specilietl in the All’ and IAG 
described in Section 2. “Compliance Summary” and to 
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the RFP Five-Year Plan (FYI‘) [or eiiviroiiinental and 
waste programs (EG91 b). Progress concerning this 
action plan has been described in  reports tl:ited Septeni- 
ber and December 1990 titled, Qimrrerly Keporr I ( I  die 
Secrerary of Energy on Tiger TCUIII Corrccrive Acriniis 
(DOE%). As of December 1990, EC&C K t r k y  I-lats, 
Inc., had completed all requirements contained in 16 
action plans. Work had been conipleted and was 
undergoing internal verification for :in ;idilition:il 2 1 
action plans. The remaining S6 phns were i n  viirious 
stages of implementation. 

THE W E - Y E A R  PLAN 
(FYP) AND THE SITE- 
SPEClFlC PLAN (SSP) 

The purpose of the FYP is to ewblish :in :igenil;i for 
compliance and cleanup against which progress will be 
measured. The plan is revised ;innually. with ;I S-year 
planning horizon, and supports a n  annual ii:itiiiii:il plan 
that is issued under the same rille. A draft pl;iii for Iisc;iI 
years 1993-1997 W;IS prepared in  J:inu;iry 1991 ;ind is 
titled Rocky FIars Plutir FYY3-97 Five-t’citr Plot1 
(EG91 b). The FYP encompasses tntal progr;mi ;ictivities 
and costs for DOE Corrective Activities, Environmrntal 
Restoration, Waste Management, and Applied Kesrsrch 
and Development. Hazardous, radio:ictive. mixed 
(hazardous and rudioactive). and sanitary wastes are 
addressed. along with facilities and sites that ;ire either 
contaminated with wastes or used in the maiingeinent of 
those wastes. 

To describe how activities shown i n  ihe FYI’ would be 
implemented at RFP, a Site-Specific I ’hn  (SSP) is 
prepared. This plan is revised annu:illy mid emphasizes 
near-tern activities. prim:trily those to be ;iccoitiplished 
in a fiscal year. A final plan fnr I990 (EG9Ob) and a 
draft plan for 1991 (EG9lc) have been prep;irrd. 
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3. ENVIRONMENTAL 
MONITORING PROGRAMS 

AND CLIMATOLOGY 

I 
This JecHon concerns meteorologkal data collected at RFP from 
January 1 through December 31,1990, from Inslwmentatlon Installed on 
a 61 -m (2OO-ff) tower located In the west buffer zone. The tower Is 
instrumented at'lO,25, and 60 meters to measure horbontal wind speed, 
direction, vertical wlnd speed, and temperature. Dew polnt measurements 
are made at the 10-m level. Solar radktlon measurements are taken by 
a radiometer,mounted on an unobstructed platform at 1.5 m above ground 
level. Ground-level precipltaflon and pressure are also measured. 
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RESULTS 

Meteorological information in this report reprcsenrs 95 
percent d a ~ .  recovery from instrunlentation located at the 

KFP 61 -Meter Meteorologic:il 
Tower (Figure 3.1-1). l'able 
3.1-1 is the I990 annu;il 

Figure 3.1-1. Locnllon of tho RFP 61-Meter Me1ooro1ogIcoI Tower 

summary of rhr percent (re- 
quency of wind directions ( 1  6 
compass points) divided into 
four wind speed categories. 

I 

!ah 
4.64 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
NNW 

TOTALS 4.64 

Table 3.1-1 
Wind Oirectlon Frequency (Percent) 

by Four Wind-Speed Classes 

(Fi%nn.Minule Averages. 1930 AMIJ~~) 

1-3 3-7 7-15 r15 
ulwwMrdtmeler,lseclImeler,lrrclLmeterslsscl 

2.59 3.92 0.62 
2.91 3.25 0.30 
2.91 201 0.04 
2.23 0.95 0 01 
2.44 0.41 0.w 
2.35 0.87 0.00 
2.27 2.08 0.00 
2.71 2.77 0.08 
2.47 2.M 0.15 
2.58 2.45 0.09 
2.21 218 0.1 I 
2.25 4.05 0.39 
2.82 3.37 I .45 
3.06 3.14 3.84 0 65 
2.88 4.68 2.98 0.15 
2.56 3.92 0.58 0.00 

0.01 
001 
0.00 
0.00 
0.w 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

'011 

41.24 42.55 10.64 0.93 

lpIBL 

4.64 
7.14 
6.47 
4.96 
3.19 
2.85 
3.22 
4.35 
5.56 
4.82 
5.12 
4.50 
6.69 
7.75 

10.99 
10.69 
7.06 

100.0 
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Compass point designations indicate the true bearing when 
facing against the wind as do wind rose vectors shown i n  
Figure 3.1-2 (Le., wind along each vector blows toward 
the center). The predominance of northwesterly winds and 
low frequency of winds greater than 7 meters per second 
(m/s)(15.6 miles per hour Imphi) with easterly components 
is typical at RFP. 

The mean wind speed for 1990 was 4.0 mls (9.0 mph). 
The highest wind speed was 39.6 m/s (88.6 mph) on 
December 14, 1990. The mean temperature during 1990 
was 9.3 "C (48.7 O F ) .  The maximum temperature was 
34.7 "C (96 OF) on July 2, 1990, and the minimum tempera- 
titrewas-31.1 OC(-24.O0F)on December21, 1990. 

Atmospheric stability at RFP was calculated using the 
sigma phi technique. The data collected during 1990 and 

presented in Pasquill stability classes 
showed 50.1 percent neutral stability 
cases (Class D), 42.5 percent stable 
cases (Classes E and F), and 7.37 

Figure 3.1-2. AFP 1990 Wind Rose 

percent unstable cases (Classes A, B. 
and C) (Table 3.1-2). Classes A 
through F represent six stability 
categories. from most unstable (A) to 
very stable conditions (F). Stability 
Class D represents neutral conditions. 
Frequency distributions of wind speed 
within the stability categories are 
presented in Appendix C. 

During 1990, RFP recorded 32.4 
centimeters (cm) (12.8 in.) of pre- 
cipitation. The maximum precipitation 
for a 15-minute period was 1.30 cm 
(0.51 in.) occurring on July 4, 1990. 
The most precipitation recorded on a 
single day was 2.26 cm (0.89 in.) on 
March 6, 1990. Table 3.1-3 presents 
the monthly precipitation for 1990. 

Meteorology of RFP is strongly 
influenced by the diurnal cycle of 
mountain and valley breezes. The 
Front Range of the Rocky Mountains 
west of the RFP is broken by several 
canyons that run generally east-west. 

. 
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Table 3.1-3 
' Monthly Preclpltallon 

Table 3.1-2 
Percent Occurrence of Wlnds 

by Sfablllty Class 

Stabiiib Cia53 - 
A 2.58 
B 1 .I3 
C 3.46 
0 50.08 
E .  30.03 
F 12.51 

January 
Februacy 

March 
apd 
May 
June 
.MY 

Ayrusr 
septembel 
October 

November 
Decumber 

0.71 
0.43 
6.58 
3.38 
4.62 
0.30 
8.03 
0.58 
5.08 
122 
1.45 
0.02 

Total 32.40 

These canyons channel airflow especially when there is 
strong atmospheric stability. Two dominant flow patterns 
exist, one during daytime conditions and one at night. 
During daytime hours, as the earth heats, the mountains 
receive more direct sunlight than the plains and valleys, 
causing air to heat and rise. The result is *general trend 
for the airflow to travel toward the higher elevations 
(upslope condition). The general airflow pattern during 
upslope conditions for the Denver area is typically nonh to 
south with the flow moving up the South Platte River 
Valley and entering the canyons into the  Front Range. 
After sunset, air against mountainsides cools and begins to 
flow toward the lower elevations (downslope conditions). 
The airflow pattern for the Denver area during downslope 
conditions is down the canyons of the Front Range onto the 
plains. This flow converges with the South Platte River 
Valley flow moving toward the nonh-northeast. 

Strong convective activity and thunderstorms are common 
i n  the area during summer. This activity can produce 
severe anomalies o n  the normal airflow patterns because of 
strong inflow regions or outflow microbursts caused by the 
accompanying rain shafts. During late winter and spring 
the meteorology can be influenced by chinook windstorms. 
The chinook phenomenon is characterized by strong winds 
moving from the west to the east over the continental 
divide. These winds often reach 70-80 niph and have been 
recorded in excess of 120 mph at RFP. 
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3. ENVIRONMENTAL 
MONITORING PROGRAMS 

3.2 AIR MONITORING 

Thomas G. Kalivas 
Luther C. Pouley 

Production and research buildings at RFP are equipped with ventilation 
exhaust systems. ParHcuiate materials generated by production and 
research activities are removed from the air stream in each exhaust 
system by means of High Effkbncy Particulate Air (HEPA) filters. Residual 
particulate materials In each of these systems are continuously sampled 
downstream from the final stage of HEPA filters. Thls section includes 
results of monitoring effluent air, nonradioacthre ambient air, and 
radioactive ambient air. 
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EFFLUENT AIR 
MONITORING 

Overview 

i 

I 

For immediate detection of abnormal conditions, RFP 
building ventilation systems that service areas containing 
plutonium are equipped with Selective Alpha Air Monitors 
(SAAMs). SAAMs are sensitive to specific alpha particle 
energies and are set to detect plutonium-239 and -240. 
These detectors are subjected to daily operational checks, 
monthly performance testing and calibration for airflow, and 
an annual radioactive source calibration to maintain sen- 
sitivity and reliability. Moniton alarm automatically if out-of- 
tolerance conditions are experienced. No such condition 
occurred during 1990. 

At regular intervals. particulate material samples from a 
continuous sampling system are removed from each exhaust 
system and radiometrically analyzed for long-lived alpha 
emitters. The concentration of long-lived alpha emitters is 
indicative of effluent quality and overall performance of the 
High Efficiency Particulate Air (HEPA) filtration system. If 
the total long-lived alpha concentration for an effluent sample 
exceeds the RFP actions value of 0.020 x 10-12 microcuries 
per milliliter (pCihnl) (7.4 x 104 Becquerels per cubic meter 
I Bq/m3]), a follow-up investigation is conducted to deter- 
mine the cause and to evaluate the need for corrective action. 
The action guide value is equal to the most restrictive offsite 
DCG for plutonium activity in air. (See Appendix B for 
guide exp1:inations.) 

At the end of each month, individual samples from each 
exhaust system are composited into larger samples by 
location. An aliquot of each dissolved composite sample is 
analyzed for beryllium paniculate materials. The remainder 
of the dissolved sample is subjected to radiochemical 
separation and alpha spectral analysis that quantifies specific 
alpha-emitting radionuclides. Analyses for uranium isotopes 
are conducted for each composite sample. 

Forty-one of the ventilation exhaust systems are located in 
buildings where plutonium processing is conducted. 
Particulate material samples from these exhaust systems are 
analyzed for specific isotopes of plutonium and americium. 
Typically, americium contributes only a small fraction of the 
total alpha activity release from RFP. 
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Figure 3.2-1 Plutonlum-239. -240 

20 

1s 

10 

S 

0 
86 

16.W 

11.939 

1.624 

1 89 

Fbure 3.2-2 Ursnlum-233. -234. -238 

Processes that are ventilated from several exhaust systems 
potentially exhibit trace quantities of tritium contamination. 
Bubble-type samplers are used to collect samples three times 
each week from the monitored locations. Tritium concenua- 
tions in the sample are measured using a liquid scintillation 
photospectrometer. 

Projected doses to the public from radionuclide emissions 
were within the NESHAP limits of I O  mrem/year EDE. 
Section 4, "Radiation Dose Assessment," includes a 
discussion on ndiation dose estimates from air emissions. 

Plutonium and Uranium. During 1990. total quantities 
of plutonium and uranium discharged to the atmosphere 
from RFP processing and suppon buildings were 1.067 
pCi (3.95 x IO4 Bq) and 0.606 pCi (2.24 x 104 Bq). 
respectively (Tables 3.2-1 and 3.2-2). These values were 
corrected for background radiation. Annual plutonium-239. 
-240 and uranium -233, -234, -238 emissions for the 1986- 
1990 period are given in  Figures 3.2-1 and 3.2-2, respec- 
tively. . 

In September 1989, operations of RFP's primary plutonium 
recovery facility were suspended. Operations for the 
remainder of the plant were suspended following the 
December 1989 plant inventory; these operations did not 
resume in 1990. Consequently, overall decreases in radio- 
nuclide emissions during 1990 are a reflection of reduced 
production activities. 

For the period July 30 to August 2, 1990. the total long- , 

lived alpha activity concentration for one of three sampling 
devices used to monitor the Building 771 main air eflluent 
was 0.03 pCi/m3. Concentrations for the other two sampl- 
ing devices were -0.001 and 0.001 pCilm3. The RFP 
internal screening guide for air effluent alpha activity is 0.02 
pCi/m3. An  investigation was initiated to determine the 
C ~ U S K  of the above-normal alpha activity concenvalion. In 
addition the sample filter for this sampling period was 
analyzed separately for individual isotopes of plutonium. 
uranium. and americium. rather than the filter being included 
i n  the monthly composite for that location. The above- I 

normal alpha activity concenwtion was Caused by damage to 
some of the air effluent HEPA filters during maintenance I 

work in  the plenum. The plutonium-239, -240 analysis for 
the sample filter of interest showed a plutonium air effluent I 

concentration of 0.0078 k 0.001 X pCi/m3 for the July 30 to 

. 

I 
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Table 3.2-1 
Plutonlum In Effluent Air 

Pru-8 Plu- . .  240 

Number of Tolal Discharge C maximum Total Dl8charga C maximum 
M p n t h m  u;Il u;Il bLlsl2AwlL 
January 47 001 0.00004 f 0.00003 0.29 0.00082 f 00002t 
Februarv 46 -000 O.OOW3 f 000011 007 O w O t O  f 000021 
March 46 000 000003 f 000003 006 OW126 f 000033 

46 000 000008 f 000008 009 000078 i 000015 
46 0 0 0  O W O l 4  f 000003 008 000385 f 000045 

June 46 001 O O O W 4  f 000003 012 000293 f 000044 
Jurv 46 ow 000002 f 000002 OM 000010 f 000003 

April 
May 

AuJUst 49 0.01 0.00016 f 0.00002 0.13 0.00780f 0.00175 
September 46 -0.00 0.00003 f 0.00004 0.03 0.00043- f 0.00014 I 

October 46 0.005 0.00002 f 0.00003 0.050 0.00066 f O.MH)15 
November 45 0.002 0 . m t  f 0.ooOot 0.024 0.00007 f 0.00005 
December 46 .0.002 0.00002 f 0.00003 0.060 0.00055 i 0.00016 

Overall 555 0.02WC 0.00016 f 0.00020 1 . W . c  0.00780 i 0.00175 

a Marhum sample mrentratiu~. 
b. 
c. 

Minor discrepancies in total discharge values res& Imn mundinp emus in calculations. 
One u mue values mubutiig to lhs told are based on best esthalos ol release adkibs because sample analytical resub 
Ihal ma all q u l y  asw~ance criteria wae uMMJable. 

Table 3.2-2 
uranium In Enluenf Air 

Uranlum.238 

Number of l o l a l  Discharge C maximuw 
blQnlil & w ! u . L U u )  Ls l~"u!xlnll 

February 54 -0.01 0.oooM f 0.00010 
January 55 0.05 0.00258 f 0.00052 

March 54 .O.W 0.00016 * 0.00012 
54 -0.02 0.00204 f 0.00030 
55 0.05 0.00027 f OW189 

h e  54 -0.03 0.00012 f 0.00011 
54 0.00 0.00008 f 0.00012 

Apti 
May 

%st 57 002 O.OWOE i o.oooo9 
September 54 .0.00 0.00028 f 0.00015 
Oclober' 54 0.w2 0.00009 * o.ooo08 
November 53 0.015 0.00009 f 0.00007 

0.029 0.00013 f 0.00010 December 54 

Overall 652 0.09W 0.00258 f 0.00052 

a Maximum samde cancentration 

Total Dirchat 
u;Il 
0.04 
0.05 
0.00 
0.04 
0.04 
0.05 
0.05 
0.07 
0.02 
0.037 
0.059 

ge CmaxlmunJ 
(s 1olY"Cl,mll 

0.000t6 i 0.00012 
0.00014 f 0.00012 
0.00007 f 0.00009 
0.00018 f 0.00006 
0.00026 f 0,00008 
0.00016 f 0.00006 
O.WO16 f 0.00006 
0.00013 f 0.00004 
0.00012 f 0.00006 
0.00017 i 0.00007 
O.WO10 f 0.00003 
0,00018 f 0.00007 

0.00026 f 0.00008 

b. 
c. 

Minor disu&des in tdal discharge values res& horn mundi emus in cakulaiim., , , 
One OT mfxe values mntrit ing to lhs total are b e d  on best estiiales 01 release ~ ~ M M S  became sample analytical resuls 
that me( all q u l y  assurance criteria were unavailable. 
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Flgure 3.2-3 Arnerlclum-241 
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August 2 period. Plutonium concentrations for the other two 
sampling devices were 0.00023 f 0.00036 and -0.00008 k 
O.OOO11 pCi/m3. Continuous inhalation of 0.0078 pCi/m3 
plutonium for 4 days at 20 liters per minute would result in a 
calculated effective dose equivalent of about 0.6 millirem 
(mrem). This would represent the maximum radiation dose 
from inhalation at the point the air effluent leaves the 
building. No person would actually be at that location, and 
actual dose to any individual, particularly any member of the 
public, from this release would be much less than 0.6 mrem. 
Under adverse meteorological conditions, the maximum 
dose at the RFP boundary would be less than 0.005 mrem. 
These doses can be compared to the radiation standards for 
protection of the public of 100 mrem per year for all 
pathways and I O  mrem per year for the air pathway only. 
Americium-241 concentration from July 30 to August 2 was 
0.000879 f 0.00686 pCim3. Total activity released for this 
location and period was 0.00624 pCi. Samples collected 
prior to and following this 3-day period were within the 
range typically measured in this exhaust system. 

Values reported for total quantities of plutonium and uranium 
discharged in 1990 vary from the monthly environmental 
monitoring reports because of rounding in calculations and 
because the annual report includes plutonium-238, -239, and 
-240. Plutonium-238 represents 2.6 percent of the total 
plutonium discharged in 1990. 

Americium. Total americium discharged in 1990 was 
0.396 pCi (1.47 x IO4 Bq) (Table 3.2-3). Maximum 
concentration was 0.00144 x 10-12 pCi/ml, observed in 
samples taken in April. Americium values were corrected 
for background radiation. Annual americium emissions for 
1989 and 1990 are shown in Figure 3.2-3. 

Tritium. Total tritium discharged in 1990 from ventilation 
systems in which tritium is routinely measured was 0.0039 
Ci (1.44 x 10s Bq) (Table 3.2-4). The maximum tritium 
concentration of 88 x 10-12 pCi/ml (3.26 Bqlm3) was 
observed during February from routine operations in a 
plutonium production building. Each month is divided into a 
series of individual sampling periods. The sum of discharge 
for these sampling periods is the total tritium discharge for 
the month. Tritium values include a small, unquantified 
contribution attributed to natural background (Le., non- 
plant) sources. Annual tritium emissions for the period 1986- 
1990 are given in Figure 3.2-4. 
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Table 3.2-3 
Americium in Effluent Air 

Amerlclum-242 

Number of Total Dlachargo C mxlmum a 

MQoltl Bnalvaaa u;u e 1@" U l m u  
January 
February 
March 
April 
May 

Jury 
June 

t'$mbeg 
Oclober 
November 
December 

55 
54 
54 
54 
55 
54 
54 
57 
54 
54 
53 
54 

all 0.00027 
0.01 0.00003 
0.01 0.00019 
0.20 0.00144 
0.00 0.00021 
0.03 0.00057 
0.00 O.WO05 
0.01 0.00088 
0.011 0.00006 
0.007 0.000% 
0.007 0.00004 
0.005 0.00022 

f 
f 
f 
f 
f 
f 
f 
f 
f 
f 
f 
f 

0.00006 
0.00003 
0.00007 
0.00018 
0.00004 
o.WO12 
0.00004 
0.00069 
0.00003 
0.00004 
0.00002 
0.00005 

I 

I 

Overall 652 0.3966,C 0.M1144 f 0.00018 

a Maximum wnph concentralion. 
b. 
c. 

Mimr dkuepancies in total discharge vdues resun fmm munding enors m &u!atrnns. 
One w more values mntnbuting to this total are bared on be3 eslimales 01 release a d X m  because 
rample analytical results that met all gualily assurance deM were unavailaMe 

- 

Table 3.2-4 
Trlltum In Effluent Alr 

lllllum 
Numbor of Total Dlachargo C maximuw 

Mnnth A!wm Lw1 e 1@'2 uwnu 
January 
February 
March 
April 
May 
June 
Juhl 
AugM 
September 
October 
November 
December 

57 0.0004 
51 0.0005 
50 0.0004 
63 0.0004 
67 O.WO5 
69 0.0005 
50 O.OW4 
66 O.WO4 
27 0.0002 
41 o.ooo1 
35 o.ooo1 
35 o.ow1 

35 f 6 
88 f 7 
72 f 13 
68 f 19 ' 

64 f 5 
37 f 7 
33 f 2 
44 f 4 
6 I 8  
5 f 5  
13 f 6 
29 f 4 

Overall 611 0.0031p ea f 7 

a Maximum mph menlratim. 
b. Mimr discrepandas in told discharge values resun Inm rounding errors in calcula(bm 
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Beryllium. The total quantity of beryllium discharged 
from ventilation exhaust systems was 8.219 g and the 
maximum concentration was 0.0037 1 ~ g / m 3  observed in 
September. The beryllium stationary-source emission 
standard is 10 g over a 24-hr period. Table 3.2-5 presents 

using analytical blanks in laboratory analysis to correct 
sample beryllium concentrations in September 1989. 

9 the beryllium airborne effluent data for 1990. RFP stopped 

Consequently, reported beryllium values measure both 
background and actual emission levels. 

The total quantity of beryllium discharged in 1990 varies 
from the monthly environmentid monitoring repons because 
the annual repon includes values for all 49 exhaust systems. 

lo  1~.11l, I llilll 

9 
8 
7 
8 
5 
4 
3 

1 nu 

UIO 

whereas the monthly report gave discharges for six exhaust 
systems on buildings where beryllium is processed. 
Beryllium discharges are monitored monthly at the remaining 

88 a7 88 89’ 80’ 43 locations but are only siven in monthlv reDorts if thev 

‘i’ 1 
: m m i  

Flpure 3.2-5 Barylllum exceed a screening l e d o f  0.1 g. Ainua’l berylliuii 
emissions for the period 1986-1990 are shown in Figure 

.mu,u* .MM~,~U~~, lT~gl .Ynd* l l l  3.2-5. 

Table 3.2-5 
t?ery///um In Effluent Alr 

Number 01 Total Dischargec C maxlmud 
. k k l u l l  ArlalwU u bu!m1l 

January 55 0.475 0.00080 
February 54 0.472 0.00068 
March 54 0.413 0.00063 

5 4  0.349 O.WO5t 
55 0.426 0.00136 

rn 
May 
h e  54 0.929 0.00091 

54 1.048 0.00150 
57 0.372 0.00146 

Julv 
AuguSl 
September 54 1.056 0.00371 
October 54 1.016 0.00143 
November 53 0.994 0.00063 
December 54 0.670 0.00093 

Overall 652 8.219 0.00371 

a 

b. 
c. 
d. Maximum sample mnmntralicn. 

The beryllium sIalionary5wrm is no mme than 10 grams 01 bqUIum over a 24-hour p e a  wda the 
provisions 01 wbpm C 01 40 CFR 61.32(a]. 
Beginning in June 1989, mnmntralions and emission values were no( mneclsd lor backgrwnd anlrbmian. 
These values are not signilieanlly dilletent lrom Le ba&gmund assodated wilh the analpiis. 
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NONRADIOACTIVE 
AMBIENT AIR 
MONITORING 

Overview 

Results 

Nonradioactive ambient air monitoring was conducted ii i  
1990 for total suspended par1icul:iles (1’SI’) and respirable 
particulates (less than or etlual t o  IO micrometers Ipi i i l )  iii 
diameter. Anibient pluticiilates :ire regul;iied by I P A  and 
CDH under Clean Air Act Amendnlents of 1970 :ind 1977. 
as defined by the National Anibient Air Quiility Stantlards 
(NAAQS) and Colorado Air Quality CwtroI Coiniiiission 
Ambient Air Standards. Kegul;ition is h;ised on regioii:il 
rather than site-specific air qu;ility p;ir;iiiieiers. l~oriiierly, 
EI’A particul:itr standnrds (NAAQS) were h;isetl o i l  TSI’. :I 

measure of total particulate recovery, regnrdlcss o i  
particulate size. The present EI’A st;intl:ird. referred to ;IS 

Particulate Matter- 10 or PM- IO. is b:isctl on respir:iblc 
p:irticulates. those particles less th:iii or cqii;il to IO p i 1 1  i n  
diameter. Final EPA respirable p:irlicul;itc siaiii1;irds were 
issued on July I ,  19x7 (EPAX7o). ;ind rcferencc iiiethods 
were issued o n  October 6 mid 1)ecenibcr I ,  19x7. I’M- 10 
samplers at KFP were procured to meet EI’A design 
specifications. 

Ambient air monitoring :it KFI’ provides b;iscliiie iiiiciriiix- 
tion on particulate levels. Table 3.2-6 identifies s;iiiipliiig 
equipment u s d  for measuring pirticii1:ites. K I T  iiioiiitiirs 
ambient air with both TSP and I’M-IO samplers. C1)I.l has 
requested concurrent TSI’ s:impling unl i t  cli:inges h a w  been 
made in  state regulations to retlect I’M-IO cli:ingrs i n  
federal regulations. TSP mid I’M- IO samplers arc c ~ I I ~ ~ . ; i t c d  
near the east entrance to KIT .  This locatioii is unobscured 
by siructures. near a traffic zone, ;iiid gener:illy dowiiwiiid 
from plant buildings. Saniplcrs :ire opcr;ited on ;in EPA 
sampling schedule of one day per every sixth day. ’I’SP is 
nieasuwd by the EPA-referenced, high-volume air s;iiiipling 
method. 

Panicul;ite data are shown i n  ’1’:ibIe 3.2-7; current (I’M- IO) 
and fonner (TSP NAAQS) sianihrtls :ire given i n  Appenilix 
B. The highest TSP v;ilue recorded iii 1990 (24-hr s:imple) ’ 

was 134 microgcims per cubic iiieicr (pdiii3) (51 perceiii ol‘ 
the fonner TSP 24-hr primary st:ind:ird). and the ;iniiu;il 
geometric mean viilue was 31.4 ci%ii i3  (12 percent of foriiier 
TSP primary annual geometric iiie:iii stand:ird). ‘ h e  
observed 24-hr maximum for the l’hl-IO sniiipler was 26 
pglm3 (17 percent oftlie priiiiauy 24-hr stnndaril) and the 
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Table 3.2-6 
Amblent Alr Monltorlng Detectlon Methods 

liumlQl - 
Paliarlate Matter less than 10 micmmeters m d i e t e r  (PM-IO) W e w i  PMlO Sampt 

Total Suspended Particulates (TSP) Retarera Methad (Hi Volume) 
YHan W m p  (6lh-day rchedJing) 

Table 3.2-7 
Amblent Alr Ouallty Data lor Nonradloactlve Pankulates - 

Told Number 01 Samples. 
Told Number 01 Samplesb 

vplmr 

56.0 
59.0 

Annual Geometric Mema 31.4 
Annual Geomelric Mea+ 27.7 

Standard Devialin* 20.3 
Slandard Deviationb 182 

Observed 24-Hour Maximuma 134.4 
Observed 24-Hour Maximumb 119.0 

Second Highest Maximuma 
Second Highest Maximumb 

Lowest Observed Value 
Lowed Observed Valuab - 
Told Number 01 Samplesc 
Tolal Number 01 Samplesd 

Annual Arilhmetic Meanc 
Annual Arihmetic Mead 

Observed 24Hour Maximurnc 
Observed 24-How Maximud 

Second Highest Maximumc 
Second Hiqhnsl Maximumd 

74.0 
69.0 

8.0 
2.9 

45.0 
49.0 

9.8 
112 

26.0 
29.7 

19.0 
26.0 

a 
b Collaaled duplicate TSP sampler. 
c. 
d Collocaled duplicate PM-10 sampler. 

Primary ambient air TSP par(icu!ae sampler; reponing una 

Primary ambient air PM-10 sampkr. 
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RA DlOACTl VE A MBlEN T 
AIR MONITORING 

Overview 

annual'arithmetic mean was 9.8 ~ g / m 3  (20 percent of the 
primary annual arithmetic mean standard). Mean annual 
concentrations of particulates for onsite ambient TSP 
samplers (1986-1990) and PM-IO samplers (1988-1990) 
are shown in Figure 3.2-6. 

Radioactive ambient air samplers monitor airborne disper- 
sion of radioactive materials from RFP into the surrounding 
environment. Samplers are designated in three categories by 
their proximity to the main facilities area. Twenty-five onsite 
samplers are located within RFP, concentrated near the main 
facilities area. Fourteen perimeter samplers border RFP 
along major highways o n  the north (Highway 128). east 
(Indiana Street), south (Highway 72). and west (Highway 
93) (Figure 3.2-7). Founeen community samplers are 
located in metropolitan areas adjacent to RFP (Figure 3.2-8). 
Samplers operate continuously at a volumetric flow rate of 
approximately 12 liters per second (I/s) (25 cubic feet per 
minute [ft3/minl). collecting air particulates on 20 x 25-cm (8 
x IO-in) fiberglass filters. Manufacturer's test specifications 
rate this filter media to be 99.97 percent efficient for relevant 
particle sizes under conditions typically encountered in 
routine ambient air sampling (SC 82). 

Filters were collected biweekly from all RFP samplers. 
Each biweekly filter from the onsite samplers was analyzed 
separately each month except in December. Filters collected 
in December were composited by location into one onsite 
sample. Filters from perimeter and community samplers arc 
collected biweekly, composited by location. and analyzed 
monthly for plutonium. 
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Results 

pCllml I 10." 

1.5 

1 

0 I29 
0 639 

0 5  

0225 n p ~ 0 l O 2  
0 3  .p 

86 87 88 89 90 

Flgura 3.2-9. Plulonlum-239. -240 
(Onsle Samplers) 

W Perimeter 
pCUml I 10"' 

Communlty 

,.. . 

0.015 

0.01 

Plutonium concentrations for onsite,samplers are given in 
Table 3.2-8. Plutonium concentrations for perimeter and 
community saniplers are given in Table  3.2-9. Overall 
mean plutonium concentration for onsite samplers was 0.072 
x IO-15 pCi/ml ( 2.7 x 10-6 Bq/m3 ), 0.36 percent of  the 
offsite D C G  for plutonium in air (Appendix C). Overall 
mean plutonium concentration for perimeter samplers was 
0.603 x 10-15 pCi/ml (1.1 x 10-7 Bq/m3). Overall mean 
plutonium concentration for community samplers was 0.001 
x 10-15 pCi/ml (3.7 x 10-8 Bq/m3). These values are 0.013 
percent and 0.005 percent, respectively, of the offsite DCG. 

Mean annual concentrations of plutonium for 1986 - 1990 are 
shown in Figure 3.2-9 (onsite samplers) and Figure 3.2-10 
(perimeter and community samplers). T h e  onsite darn are 
based on the mean of  the annual concentrations from five 
locations, S-5 through S-9. Isotope-specific analyses were 
not reported for other onsite locations until 1990. T h e  
perimeter and community data points are the annual avenges  
of  fourteen locations within each of these m a s .  

86 87 88 89 w 
Flgura 3.2-10 Plulonlum-239. -240 

(Peripeter and Communlly Samplers) 

. 
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stallpn 

SI 
s-2 
s-3 
s-4 
s-5 
S4 
s.7 
S-8 
s.9 
si0 
si1 
512 
SI3 
S i4  
s1s 
Si6 
S17 
Slff 
$1 9 
s20 
s21 
s-22 
S.23 
S-24 
S-8B' 

Overall 

Table 3.2-8 
Onslte Amblent Alr Sampler Plutonlum Concentratlons*.b 

Numbor Concentration (I 1013 pCUml) e Standard Devlallon Percent of of DCGd 
c d s m m l m m - m  I!Llw&m u 

21 
13 
16 
17 
24 
24 
24 
25 
24 
17 
17 
17 
17 
17 
15 
17 
17 
16 
17 
17 
17 
17 
16 
17 
13 

0.000 
0.003 
0.m 
0.Wl 
0.004 
0.013 
0.010 
0.024 
0.033 
0.002 
0.000 
0.002 
0.001 
0.000 
4.001 
4.001 
0.005 
0.01 1 
0.010 
0.004 
0.004 
0.001 
0.001 

-0.02 
0.051 

3.057 
0.024 
0.010 
0.181. 
0.453 
0.482 
0.670 
0.108 
0.328 
0.016 
0.008 
0.023 
0.008 
0.006 
0.028 
0.005 
0.022 
0.069 
6.092 
0.033 
0.018 
0.009 
0.006 
0.010 
0.356 

0.948 
0.007 
0.003 
0.022 
0.099 
0.127 
0.118 
o m  
0.107 
0.006 
0.005 
0.013 
0.004 
0.002 
0.004 
0.002 
0.01 1 
0.035 
0.028 
0.016 
0.009 
0.004 
0.003 
0.002 
0.161 

0.892 
0.007 
0.001 
0.050 
0.123 
0.144 
0.180 
0.033 
0.094 
0.004 
0.003 
0.007 
0.003 
0.002 
0.008 
0.002 
0.005 
0.020 
0.023 
0.008 
0.005 
0.002 
0.002 
0.003 
0.123 

4.740 
0.037 
0.014 
0.110 
0.496 
0.637 
0.588 
0.305 
0.535 
0.028 
0.024 
0.063 
0.018 
0.01 1 
0.021 
0.01 1 
0.053 
0.177 
0.142 
0.080 
0.045 
0.020 
0.015 
0.012 
0.806 

452 -0.02 3.057 0.072 0.070 0.360 

a. M a  prmided in this I&b are based on variars p a d s  01 samflng. The I d b s  no1 marked with an asterisk are cablaled 
. an a l2.month bask. The olher localions are calmlaled usinq less lhan 12 monlhs 01 data due lo mechanical mallundiom. 

ineanplste hbaatory anatyses. a the installation 01 a new sampler (S4B) lhat has nd been m service la a complele year. 
Isotope-specilc analyses were reporled only lor W i n s  S-5 through S-9 before 1990 (see Fgure 3.2-7). These f i  
samplers are lhe only ansae W i s  Wed in the byear trending pcrtbn of uli repon. 
Cancentralims relied monlhly compiles 01 biweekly slalion mncentralicms; C mlnlmum s minimum composned 
ancentralion; C milmum. maximum cornposited mentralion; C m a n  I mean amposited menIralion. 
The OOE Derived Corosnlration Guide (DCG) for inhalation 01 ckrs W plulonium by members 01 Ihe public k 20 I 1015 
pCiml (Appendix 8). Proledion slandards lor members 01 Ihe plwr are a p p l i l a  la olkPe Wms. A0 bxalim m 
his laMe are on RFP poperty. DcGs la the pubic are presented here lor awnparison purposes only. 

b. 

c. 

d. 



w 
S31' 
S-32 
S-33 
s-34 
s.35 
S.36 
5-37 
5-30 
s-39 
saw 
Sd1 
s 4 2  
s.13 
s 4 4  

Overall 

SLallnn 

s51 
5-52 
S.53 
S-54 
S-55 
s.56 
5-57 
S-58' 
$59 
S.60 
5-62 
S68 
s-73 

Overall 

Table 3.2-9 
Perlmeter Amblenf Alr Sampler Plufonlum Concenlrallonsa 

Numbar Concenlration (I 10-1s pCUml) (b) Standard Deviation Percenl 01 DCG(s) 
o f S a m D l e a - c m a x l m u m -  lumd?uu mU!m 

12 11 

12 12 

12 12 

12 
12 
12 
11 
12 
12 
12 
12 

4.001 
0.000 

6.001 
0.000 
4.001 
0.000 
0.000 
0.000 

-0.001 
0.000 
0.000 
0.000 

-0.001 
4.001 

0.002 
0.003 
0.004 
0.005 
0.003 
0.003 
0.007 
0.181 
0.002 
0.032 
0.003 
0.004 
0.003 
0.004 

0.001 
0.001 
0.000 
0.002 
0.001 
0.001 
0.003 
0.017 
0.001 
0.004 
0.001 
0.001 
0.001 
0.001 

0.001 
0.001 
0.001 
0.002 
0.001 
0.001 
0.002 
0.052 
0.001 
0.009 
0.00I 
0.001 
0.001 
0.001 

0.003 
0.007 
0.002 
0.009 
0.004 
0.005 
0.014 
0.083 
0.003 
0.019 
0.005 
0.005 
0.003 
0.003 

166 -0.001 0.181 . 0.002 0.005 0.013 

Communlly Amblenf Alr Sampler Plutonlum Concentrallonsa 

Numbar Cotuenlralion (I 1015 pCUml) b Standard Deviallon Percenl of DCGC 
Q l s U M h - - w -  l€Dmnl 

12 
12 
12 12 

12 
12 
12 
10 
12 
12 
12 
12 
12 

0.000 
0.001 

4.001 
6.001 
4.001 
0.000 
0.000 
0.000 
0.000 

4.001 
-0,001 
4.001 
6.001 

0.003 
0.018 
0.002 
0.004 
0.002 

.0.004 
0.004 
0.003 
0.005 
0.003 
0.002 
0.005 
0.005 

0.001 
0.004 
0.w1 
0.001 
0.000 
0.001 
0.w1 
0.001 
0.001 
0.w1 
0.000 
0.001 
0.001 

0.001 
0.005 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.002 
0.001 
0.001 
0.002 
0.002 

0.004 
0.019 
0.003 
0.003 
0.001 
0.007 
0.005 
0.006 
0.005 
0.005 
0.001 
0.004 
0.006 

154 .0.001 0.018 0.001 0.002 0.005 

a 
b. 

c. 

Data pmvided in (his lable are based M an 12-mwlh p e d  except lhow marked with an asteriisk. 
Concentralions reled monthly composites 01 biweekly Yalmn concenlralims; C mlnlmum . minimum mmposiled 
umcensalion; C maximum - maximum com$asiled mncentration; C mean = mean ampxiled urncenlralion. 
The WE Derived CowenIration Guae (DCG) lor inhahlii 01 class W plulonium by members 01 Ihe public is 20 a l o i 5  
~ C i l  (Appendix 0). Prolaclion standards lor members 01 (he public are applicable lor ollsile localions and am based M 
calculated radialion dose. 
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3. ENVIRONMENTAL 
MONITORING PROGRAMS 

3.3 SURFACE WATE- 
MONITORING 

William J. Burdelik 
Leslie A. Dunstan 

Surface water management at RFP focuses on the North Walnut Creek, 
South Walnut Creek, and Woman Creek drainages. These dralnages 
receive runoff from the main facllitles area and heated sanitary waste 
water and contain earthen Impoundments that restrict otfslte discharges 
allowing water testing and, if necessary, treatment to meet quality 
standards. Additional sites throughout RFP are monitored to characterize 
background water quality and to evaluate potential contamlnant releases 
from specific locations. This section reports results of RFP surface water 
monitoring as well as that of several of the communities that surround 
the RFP. 

65 



Rocky Flats Plant 
Site Environmentol Remd for 1990 

DRAINAGE SYSTEMS 

North Walnut Creek  Nonh Walnut Creek receives surface water runoff from the 
nonh side of the main facilities area (Figure 3.3-1). Ponds 
A-1 and A-2 are isolated from Nonh Walnut Creek by valves 
that divert run-off by way of a surface pipeline into Pond 
A-3. In the past. these ponds were used for storage and 
evaporation of laundry water; this practice was discontinued 
in 1980. Ponds A - l  and A-2 are maintained to control 
possible chemical spills into the North Walnut Creek 
drainage basin. Run-off into these ponds is disposed of 
through natural evaporation and enhanced by spraying water 
through fog nozzles over the surface of h e  ponds. Excess 
water that does not evaporate is recollected in the ponds. 
Holding Pond A-3 on North Walnut Creek is used to 
impound surface run-off for analysis prior to discharge. 
Pond A-4 is located f:irther downstream and provides 
secondary monitoring and control during normal flow and 
flood conditions. 

South Walnut Creek receives surface water run-off from the 
central portion of the main facilities area (Figure 3.3-1). 
This water is diverted past Ponds B-I. 13-2. and 8 - 3  by way 
of a culven system to Pond 8-4 and then to flood control 
Pond 8-5 where the water is impounded for nnnlysis prior to 
controlled offsite discharge. Pond 0-5 discharges into 
South Walnut Creek. Pond 8-4 is a flow-through pond with 
no operational holding cap:icity. 

South Walnut Creek  

Ponds B-I and 8-2. located i n  the,central drainage. are 
reserved as backup control ponds. These ponds can be used 
to retain chemical spills, surface water run-off. or treated 
sanitary waste water. 

Before 1979, treated sanitary waste water from the STP was 
discharged offsite through holding Ponds B- I through B-4. 
From 1979 through 1989. this water was routed directly to 
Pond B-3 where it  was held and then spray imgnted onto the 
RFP buffer zone m a s  as weather pemiitted. I n  1990. spray 
irrigation of treated STP effluent from Pond B-3 was 
discontinued. Pond 8-3 waters are now continually released 
to Pond 8-4 and subsequently to Pond B-5. Pond B-5 
serves as overflow capacity for Pond B-3 in  the event of 
excess surface run-off. As necessary. water is transferred 
from Pond B-5 to Pond A-4 through a temporary pipeline to 
maintain Pond B-5 capacity at safe limits. 
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Figure 3.3-1. Holding Ponds and Liquid Effluent Water Courses 
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Rocky Hots Plant 
Sile 

Woman Creek 

MONITORING 
PROGRAMS 

Detention Ponds 
Monitoring 

I 

Woman’ Creek flows across the south side of RI’P through 
the south drainage basin (Figure 3.3-1). This creek flows 
through surFice water monitoring Pond C- I ;ind then. after 
bypassing Pond C-2. discharges offsite. SurLice run-off 
from the south side of the RFP inanufxturing areas is 
collected in an interceptor ditch. Ihc interceptor ditch also 
previously collected run-off from a spray irrigation field. 
Flow from this ditch is routed to surhce water control Pond 
C-2, disc h;irge. where tlie water is inipounded and ;In;ilyzed before 

Before discharge from Ponds A-4, B-5, and C-2, s;inlples 
are tnken and split for analysis by CDII, I G S S  Rocky 
Flats, Inc.. and independent ITA-rcgistercd 1:iboratories. 
Discharges are monitored for p;ir;itiietcrs listed in Appendix 
13 in  compli;ince with NI’DES permit Ii111it:iti(1ns. 111 addi- 
tion. water qudity is tested tu  ensure t h : ~ t  i t  ~neets CWQCC 
stiiiidards for Segment 4 of I3ig Dry Creek before release. 
These standards are listed in  Appendix 13. W;iler is released 
with concurrence from CDII. Once ~ ( I I I ~ L I I T ~ I I ~ ~  is received, 
pond waters are passed through filter systenis and carbon 
adsorption matnieiit hcilities tn reduce potetiti;d radionuclide 
and organic cheinicnl cont:iininants. CJrhon adsorption 
hcilities exist at each of Ponds A-3. U-5.  and C-2, and each 
has a trritnient capacity of 750 gallons pcr minute (gpm). 

hlultiple samples of any discharges froni I’onds A-4, B-5. 
and C-2 are collected by 23-hr coinpositing samplers for 
weekly analysis of plutoniuni, u r m i u i i i .  ;ind ;imericiuni. 
Daily analysis of tritium. pl.1, nitrate (;IS iiilrcigcn), and non- 
volatile suspended solids are also perfornied. Discharges 
from Pond C-l  and flow from Walnut Creek near its 
intersection with Indiana Street arc s;u~ipled in a siiiiilar 
manner. Diily s;iiiiples from I’oiid C- I and Walnut Creek 
are analyzed for.tritium and then coinposited into weekly 
s~mples for plutonium, uraiium, ;ind aincricinnl analysis. 

Dischllrgrs from Ponds A-4 and 11-5 enter Walnut Creek and 
:ire diverted around Great Wcstern Reservoir by the 
Urtwnifield diversion tlircli. 1)iscli:irgt.s froin Pond C-2 we 
piiniped through ;in X,OOO-ft pipeline into the Broomfield 
diversion ditch. 
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I 3.3WACE WATER MoNrrQmNG 

Sitewide Monitoring 

MONITORING RESULTS 

I Nonradiological 
I Monitoring 

I n  addition to monitoring discharges from detention ponds, 
RFP conducts sitewide surface water sampling programs to 
evaluate potential contaminant releases and to characterize 
baseline water quality. These programs assess trends and 
changing conditions in surface water quality, detect extreme 
values or excursions beyond a limit, assess the relationship 
between water quality and flow, identify new contaminant 
sources and releases, and address surface water sediment 
interactions. 

Routine sitewide monitoring was begun in early 1989 to 
provide surface water quality and flow information for seeps 
and drainages in the main facilities area and buffer zone that 
may be affected by plant operations. The focus of this 
sampling program was to measure potential contaminants to 
surface water from suspected source areas such as designat- 
ed CERCLA OUs. Results for 1989 are reported in the 
document titled Draft 1989 Surface Water und Sediment 
Geochemical Churacterizotion Report (EG9 1 d). 

A separate background monitoring program began in 1989 to 
establish baseline water quality data for waters unaffected by 
plant operations. These data serve as a comparison to 
samples from affected areas of RFP t o  judge the impact of 
potential contamination from plant activities. Monitoring 
stations were selected upgradient and sidegradient of the 
main facilities where no impact from plant activities was 
presumed. Results are reported in the document titled 
Background Geochemical Characterization Report f o r  I989 
(EG9Of). 

Annu:il average concentrations of chemical and biological 
constituents measured i n  surfuce water effluent samples 
collected from Ponds A-3 (discharge point #002), A-4 
(discharge point #005) ,  8-3 (discharge point #001). B-5 
(discharge point #006), and C-2 (discharge point #007) are. 
presented in  Table 3.3-1. These concentrations are 
indicative of the overall quality of effluent discharges. 
Certain discharges must meet NPDES permit monitoring and 
compliance limitations described in Appendix R. 

I U  

! 

I 

(Pond A-3) 
pH. slandard units 
Nilrate as N. nigA 

Rocky F b f s  Plant 
ortfor lppD 

Table 3.3-1 
Chemlcal and Blologlcal Constituents In Surface Water Effluents 

at NPDES Permlt Dlscharge Locatlonsn. d 

Number 01 
Parameters AQ?mM clmllmd Cmllx lmumb cul#.mb' 

R ~ ~ x Q L W  (Pond &3) 
pH. standard unils 125 6.5 8.6 MA 
Ndrale as N. mq l  127 0.75 12.8 3.39 
Tolal Suspended Solids. m@ 127 0 78 

Tdal PhasphoNS. m q l  127 m.01 1 .a 43.31 

B i e m i c a l  Oxygen Demand 125 a.5 37.8 <7.8 
(WDJ. msn 

11 
Told Residual Chlorine. mgA 238 0.0 0.35 0.06 
Tdal Chromhm. mql  1 27 <0.006 0.017 <O.W8 

Fecal Cdilorm. ana0 ml 120 <IO 222.000 ~ 4 1  

57 7.2 8.6 WA 
58 1.12 6.61 4.6 

(Reverse Osmosis pibc Pbnl) 

(Reverse Osmosis Pbnl) 

(Pond A-4) 

During 1990 there were no discharges. 

During 1990 !here ware no discharges. 

pH. Scandard uniis 162 6.6 8.6 WA 
Ndrale as N. m d  163 0.22 6.96 2.89 
Nonvolatile 
Suspended Solids, m q l  

(Pond B-5) 
pH. slandard units 
Nitrale as N. mql 
Nomolalile 
Suspended Salids. mq l  

163 0 73 3 

93 7.1 8.5 NIA 
93 0.19 7.26 3.48 

94 0 22 3 

(Pond C-2) 
pH. slandard units 45 7.2 8.4 WA 
Ndrale as N. mgA 
Nonvohlile Suspended Solids, mgfi 

45 <0.02 2.132 <0.85 

46 0 16 3 

a 
b. 

c. 
d. 

NPDES permh limitations are presented in Appendix E. 
C minimum - minimum measured concenlralion; C maximum - maximum measured mncenlralion; C mean - mean measured 
concentralion. 
For Fecal cclilorm. lliOOml geometric mean used. 
Average annual concentralion reported tor each parameler is an eslimale 01 cenlral lendency (mean value) lor all samples 
cdleded during Ihe year. This provides an eslimale ot average elfluen1 waler qualily Irw Ihe entire year. The maximum values 
lisled are Ihe highest values obselved and represenl (he worslsIsase scenario lor the enlire year. The NPDES Permit limils am 
specified as 'Monthly Average'and 'Weekly Average' and are measures 01 cenlral tendency tor Ihe shone1 lime peiwds as 
required by the permil. The 'Daily Maximum' is Ihe largesl value measured during Ihe mnth. EPA has est&lished limits lor these 
required reporting intervals. 
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The frequency of discharges from Pond B-3 increased in  
1990. Spray irrigation from Pond 8-3 was discontinued in 
March 1990; consequently, point source discharges were 
used exclusively. Pond 8-3  was discharged in two or three 
batches per week from early March through mid-May 1990. 
Samples were collected at the beginning of each batch 
discharge. Continuous discharge started in mid-May and 
continued for the remainder of the year. Discharges 
occurred only during daylight hours to ensure that flows 
could be inspected visually. 

' NPIIES Exceedances. The NPDES permit limits for 
Biochemical Oxygen Demand-5 day (BOD5) and fecal 
coliform were exceeded on occasions during April through 
September 1990. 

In April 1990. the BODS sample could not be analyzed 
because the sample was held longer than the amount of time 
allowed prior to analysis. Also, the fecal coliform sample 
was collected but subsequently lost. Data for those paranl- 
eters could not be reported in  the monthly Discharge 
Monitoring Report (DMR). Additional samples were 
collected and analyses showed that no effluent limits had 
been exceeded. 

I n  May and June 1990. the 30-day average for BOD5 (10  
mgA) was exceeded for Pond 8-3. The calculated monthly 
averages for May (12.2 mg/l) and for June (22.1 mdl)  
likely resulted from algal blooms in the pond. During July 
1990, the fecal coliform 30-day geometric mean of 200 
colonieJlOO ml and the maximuni 7-day geometric mean of 
400 coIonirs/100 ml for Pond B-3 were exceeded. The cal- 
culated 30-day geometric mean was 333.3 coIonies/IOO ml, 
and the calculated maximum 7-day geometric mean was 
4,X06 colonies/100 ml. Both values were the result of a 
single sample result of 222,(XW) colonies/100 ml. approxi- 
mately 1.000 times greater than other typical values found at 
Pond 8-3. This single. abnonnally high result is suspect; 
there were no other indications of unusual operating 
conditions at Pond B-3. 

I 

In  August 1990, the fecal colifonn 30-day geometric mean 
of 200 coIonies/100 ml for Pond 0-3 was again exceeded. 
The calculated 30-day geometric mean was 285 colonies/IW 
ml. There were no indications of unusual operating 
conditions t h a t  might have contributed to the observed 
exceedancr. 

I 

R K P ~  Flats Plant 
Site for WQ 
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Table 3.3-2 
Plutonlum, Uranlum, and Americlum Concentrations In Surface Water Effluents 

Numbor of Percent of 
!&.&Q n h c  -b l h m w c  PCG iC mead 

Plulonlum-239, -240 ConcenIraUon (I ID* pCIlmlp 
Pond A 4  46 -0.033 f 0.022 0.033 f 0.048 0.008 f 0.009 0.03 
Pond 8.5 26 4.036 f 0.347 0.026 f 0.045 4.003 f 0.008 0.00 
Pond C-1 48 4.023 f 0.030 0.058 f 0.025 0011 f 0.005 0.04 
Pond C-2 I2  4.011 f 0.031 0.035 f 0.047 4.W1 f 0.013 0.00 
Walnul Creek at Indiana Slreel 48 -0.037 f 0.028 0.078 f 0.049 0.007 f 0.004 0.02 

Uranlum-233, -234 Concenlratlon (I 100 pCllml)a 

Pond A-4 46 0.01 f 0.15 4.79 f 0.58 1.45 f 0.09 0.29 
Pond 8-5 26 0.02 f 0.18 2.64 f 0.46 1.46 f 0.09 0.29 
Pond c-1 49 0.10 f 0.18 1.33 f 0.47 0.55 f 0.09 0.11 
Pond c-2 12 0.79 f 0.36 2.36 f 0.44 1.89 f 0.17 0.38 
Walnut Creek al Indiana Slreel 50 0.38 f 0.25 2.69 f 0.45 151 f 0.08 0.30 

Uranlum-238 Concenlratlon (I ID9 pCl/ml)* 

Pond A 4  46 0.07 f 0.06 3.49 f 0.53 1.63 f 0.08 0.27 
f 0.06 
f 0.07 
f 0.16 

26 49 

12 

0.05 f 0.08 
0.05 f 0.05 
1.16 f 0.30 

2.32 
0.99 
2.89 

f 0.34 
f 0.22 
f 0.41 

1.27 
0.41 
2.40 

Pond 8-5 
Pond C-1 
Pond C-2 
Walnul Creek at lndiam Slreel 50 0.25 f 0.12 2.56 f 0.12 1.45 f 0.06 0.24 

Amerlclum Concenlrellon (I 109 pCllml)l 

Pond A 4  46 -0.026 f 0.014 0.068 f 0.091 0.008 f 0.009 0.03 
Pond 8.5 26 4.017 f 0.037 0.025 f 0.048 0.003 f 0.010 0.01 
Pond C-1 48 -0.009 f 0.010 0.040 f 0.021 0.005 f 0.003 0.02 
Pond c-2 12 -0.029 f 0.032 0.022 f 0.044 4.001 f 0.013 0.00 
Walnul'Creek al Indiana Slreel 50 4.016 f 0.037 0.067 f 0.063 0.006 f 0.W5 0.02 

0.21 
0 07 
0.40 

a C minimum. minimum measured concenlration; C maximum - maximum measured concenlration. For Pond C1, C mean relers lo 
calculaled mean concenlralion. Due lo inlermiltenl flow meler operalions al Pond C-I durinq 1990, a volume weighted average 
was MI possible lo ctulale.  For Ponds A 4  8.5. C-2. and Ibw at Walnul Creek al l n d i i  Slreel. C mean relers lo mlume 
weighled averages 

b 
c. 
d. 

CalEulaled as I.% standard deviations of lhe individual measurement 
Calculaled as 1.96 slandard devialions 01 Ihe mean. 
Radiochemicallv delermined as ~lulonium-239 and -240. The DOE Derived Concentration Guide IDCGI lor plulonium in walei 

* 
. . .  

available lo members 01 the pubic is 30 x 10.9 pciiml (Appendix C). 
Radiochemically delermined as uranium-233. -234. and -238. The DOE CCG lor uranium-223. -234 in waler available to members 
01 Ihe public is 5M) x 10-0 pcihnl. The Dw; lor uranium239 in waler is 6W x 109 pcihnl (Appendix C). 
Radochemicaliy delermined as ameiuium.241. The standard calculated DCG lor ameridum in waler available lo members 01 Ihe 
public is 30 x 10 9 pciml (Appendix C). 

e. 

I. 

14 

Rocky Flats Plant 
Site E- for 199[) 

Table 3.3-3 
rrltlum Concentratlons In Surface Water Effluents 

Number of Percent of 
LQ!%%um Amm ! a & i m l F c  c* ! a m r I & d  Q r m L m w  

Pond A d  163 .130 f 120 250 f 130 20 f IO 0.00 
Pond 8-5 90 
Pond C-1 48 -90 f 160 110 f la, 10 f 20 0.W 
Pond c-2 44 
Walnul Creek al Indiana Streal 180 -140 f 120 360 f 140 10 f I O  0.00 

Trltlum ~nmntnUon (I to9 pCllmlP 

0.00 

0.w 

410 f 120 400 f 130 30 f IO 

-120 f 120 360 f 130 30 f 20 

a C mininum - minimum measured oxcmlration: C madmum - maximum measured mnasnlralion. F a  Pond GI, C mean refers 
lo calculaled mean mcenlration. Dua Io Yennlenl Oorv meler q x f a l h  al Pond G l  during 1990. a vdume weghled 
average was MI possible to &late. For Ponds A-4, B5. C2. and l!mv at Walnul Creek a! Indiana Street. C mean relen 
lo vdume weighled averages. 
The WE DCG lor lrilium in water available lo (he members 01 Ihe public is 2.wO.oM) x 109 pWml (Appendix C). 
Calcuhled as 1.96 slandard devialiom 01 the individual measuremenl. 
Calculaled as 1.96 standard devialiom 01 Ihe mean. 

b. 
c. 
d. 

Tritium concentrations in  water discharged from these ponds 
were within range of background concentrations; therefore, 
cumulative discharge amounts were not calculated. Average 
annual concenations of plutonium. uranium. and americium 
from Ponds A-4, B-5, and C-2 for 19R6 through 1990 are 
given in Figures 3.3-2, 3.3-3. and 3.3-4. 

During 1990. RFP raw water supply was obtained from 
Ralston Reservoir and from the South Boulder Diversion 
Canal. Ralston Reservoir water usually contains more 
natural uranium radioactivity than the water flowing from the 
South Boulder Diversion Canal. During the year, uranium, 
plutonium, americium, and tritium analyses were performed 
monthly on samples of RFP raw water. Concentrations are 
presented in  Table 3.3-4. These values can be used for 
comparison with the values measured in  the RFP down- 
stream discharge locations (Tables 3.3-2 and 3.3-3). 



Table 3.3-4 
Plutonium, Uranlum, Amerlclum, and Mtlum Concentratlons In the Raw Water Supply 

Numbsr 01 Percenl ot 
Lecellnn AlEluQa G.luimwl C' c.lm!X+o i)suam3 

Plutonium ConcentraUon (I 1 0 0  pCUml)b 

Rocky FUs Raw Waler 12 4.030 f 0.027 0.046 f 0.044 0.000 i 0.014 

Uranlum233, -2% Concenballon (I 10" W m l ) c  

Rocky Flals Raw Water 12 0.02 i 0.16 1.90 f 0.48 0.54 f 0.29 

Ursnlum.238 ConcontraUon (I 10.0 pCUml)c 

Rocky Fktf Raw Waler 12 0.12 f 0.07 1.39 t 0.30 0.45 f 0.20 

Americium ConcsnbaUon (I 108 pCUml)a 

Rocky FUs Raw Waler 12 4,011 f 0,021 0.028 f 0.051 0.004 f 0.W5 

Tritium ConcentreUon (I 10-a pCUmlp 

50 f. 120 -10 f 30 Rocky Flals Raw Water 12 -im i iw 

0.00 

0.1 1 

0.09 

0.01 

0.00 

a 

b. 

c. 

d 

C minimum. minimum measured concentralion; C maaimum. maxinurn measured concanIralion; C mean - mean calcu!dled 
concentralion. 
RadDchemicaliy delermined as plulonium-239 and -240. The DOE Derived ConcanIralion Guide (DCG) la pM0nium in wale1 
avai!ab!a IO members oi be public is 30 x 10.9 pCiml (+din 8). 
Radachem'elly delemined as uranium.233. .234 and -238. The DOE LEG la uranium-233, -2% in walr available lo members 
d be puwrc is 500 x 109 pCUmi. The DCG In uranium238 in war k 6Ul I lUQ pCLl  (Appendix 8). 
Radachemicalb dalemined as amekium.241. The slandard cakukted DCG lor amridurn in water available to members of the _. . .. . . 
public is 30 x~ib.9 pCml (@endix 8). 
The DOE DCG In lrilium in waler available Io members 01 he pMic k 2.wO.OW I IO9 pCiml (Appendix 8). 
W l a t s d  as 1.96 slandard devialwm 01 Ihe individual measLyemeIII. 
C W e d  as 1.96 slandard deviatwns 01 Ihe mean. 

e. 
1. 
9. 
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Figure 3.3-4 Americium 
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COMMUNITY WATER 
MONITORING 

Results 

Community water monitoring includes sampling and 
analysis of public water supplies and tap water from several 
surrounding communities. Only Great Western Reservoir, 
one of the water supplies for the city of Broomfield, and 
Standley Lake Reservoir, a water supply for the cities of 
Westminster, Thornton, and Northglenn, receive run-off 
from RFP drainage systems. The city of Federal Heights 
purchases a portion of its water supply from the city of 
Westminster. Weekly samples were collected and com- 
posited into a monthly sample, and analyses were performed 
for plutonium, uranium, and americium concentrations. ' 
Tritium and nitrate (as N) analyses were conducted on 
weekly grab samples. 

Annual background samples were also collected from 
Ralston, Dillon, and Boulder reservoirs, as well as from 
South Boulder Diversion Canal at distances ranging from 1 
to 60 mi from RFP. Samples were collected to determine 
background levels for plutonium, uranium, americium, and 
tritium in water. 

Drinking water from Boulder, Broomfield, and Wesrminster 
was collected weekly, composited monthly, and analyzed for 
plutonium. uranium, and americium. Analyses for tritium 
were performed weekly. Quanerly tap water samples were 
collected from the communities of Arvada, Denver, Golden, 
Lafayette, Louisville, and Thornton. These samples were 
analyzed for plutonium, uranium, americium, and tritium. 

Analyses of regional reservoir and drinking water samples 
are given in  Tables 3.3-5 and 3.3-6. Plutonium, uranium, 
americium, and tritium concentrations for regional reservoirs 
represented 0.37 percent or less of the DCG. Average 
plutonium concentration i n  Great Western Reservoir was 
0.(K)4 x 10-9 pCi/ml (1.48 x 104 Bq/l [O.Ol percent DCG]), 
which was within the range of concentrations predicted for 
Great Western Reservoir in  the Environmenral Impacr 
Srurcmenr, Rocky Flars Plant Sire (DOE80) based on known 
low-level plutonium concentrations in reservoir sediments. 

Roc@ Nofs Plant 
si-ri for 1990 

Results of plutonium, uranium, americium, and tritium 
analyses for drinking water in nine communities were 0. I3 
percent or less of the applicable DCG. Drinking water 
standards have been adopted by the State of Colorado 
(CDH77, CDH81) and EPA (EPA76a) for alpha-emitting 
radionuclides (15 x 10-9 pCiml 15.55 x 10-1 BqAl) and for 
tritium (20,000 x 10-9 pCi/ml (7.4 x 102 Bq/ll). These 
standards exclude uranium and radon. During 1990. the 
largest mean concentration of plutonium and americium 
(alpha-emitting radionuclides) for community tap water was 
0.008 x 10-9 pCi/ml (2.96 x 10-4 Bq/l). This value was 
0.05 percent of the State of Colorado and EPA drinking 
water standards for alpha activity. Average tritium 
concentration in Great Western Reservoir, Standley Lake, 
and in all community tap water samples was 50 x 10-9 
pCi/ml (1.85 Bqh) or less. That value was typical of 
background tritium concentrations in Colorado and is less 
than 0.01 percent of the State of Colorado and EPA drinking 
water standards for tritium (CDH81. EPA76a). 

Table 3.3-5 
Plutonlum and Uranlum Concentrallons In Public Water Supplles 

Number of 
leEktle0 AWw 
Reserwolr 

Boulder 1 
Wbn 1 
Greal Weslern 12 
Raklon I 
Swlh Bwlder Diversion Canal 1 
Standley 12 

Drlnklng Water 
Arvada 4 
Boulder 12 
Broomfield 12 
Oenver 4 
Golden 4 
Lalayelle 4 
Louisville 4 
Thornton 4 
Westminster 12 

E n j n l m u n F L  c e  L l o s z l F d  

Plulonlum239, -240 Coneentratlon (I 10'0 pCl/ml)b 

0.009 f 0.042 0.009 f 0.042 0.009 f 0.042 
-0.002 f 0.033 4.002 f 0.033 4.002 f 0.033 
-0.004 f 0.007 0.015 f 0.016 0,004 f 0.004 
0.011 f 0.037 0.011 f 0.037 0.011 f 0.037 

4.015 f 0.029 -0.015 f 0.029 4.015 f 0,029 
-0.007 * 0.007 0.048 f 0.029 0.004 f 0.008 

4.018 
4.008 
-0.006 
4.020 
4.004 
-0.007 
-0.014 
-0019 
-0010 

0.039 0.028 f 0.041 0.000 f 0.021 
0.011 0.020 f 0.017 0,002 f 0.004 
0.006 0.027 f 0.030 0.006 f 0.005 
0.028 0.003 f 0.023 4.007 f 0.010 
0.029 0.026 f 0.039 0.006 f 0.013 
0.031 0.004 i 0.032 -0.004 f 0.005 
0.030 0.002 f 0.030 -0.004 f 0.007 
0.015 0.007 f 0.037 -0.002 f 0.012 
0019 0010 f 0.012 4.001 f 0.003 

Percent 
of DCC 
Emeao) 

0.03 
0.w 
0.01 
0.04 
0.00 
0 01 

0.00 
0.00 
0.02 
0.00 
0.02 
0.01 
0.00 
0.00 
0.00 
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Table 3.3-5 (Continued) 

Resorvolr 

Boulder 
whl 
Greal Weslern 
Ralslon 
Swlh Boulder Diversion Canal 
Slandley 

Drlnklng Weler 
Arvada 
Boulder 
Broomlield 
Denver 
Golden 
Lalayelle 
Louisville 
Thornlon 
Weslminsler 

Reserwolr 

Boulder 
Mhn 
Greal Western 
Ralston 
Soulh Boulder Diversion Canal 
Slandley 

Drinking Water 
Arvada 
Boulder 
Brwmlidd 
Denver 
Golden 
Lalayelle 
L o i v l e  
Thornlon 
Westmimler 

1 
1 

12 
1 
1 

12 

4 
12 12 

12 4 

12 1 

12 1 

12 4 

4 
4 
4 
4 

1 

1 

12 
4 
4 
4 
4 

12 4 

Ursnlum233, -2% Concentration (I 10s pCUml)a 

1.87 f 0.52 1.87 f 0.52 1.87 f 0.52 
0.41 f 0.34 0.41 f 0.34 0.41 f 0.34 
0.24 f 021 0.88 f 0.28 0.56 f 0.12 
0.65 f 0.30 0.65 f 0.30 0.65 f 0.30 
0.25 f 0.23 0.25 f 0.23 0.25 f 0.23 
0.22 f 0.16 2.87 f 0.51 0.90 f 0.38 

0.00 f 0.19 0.37 f 0.21 0.17 f 0.16 
0.01 f 0.19 0.49 f 0.22 0.23 f 0.09 
0.13 f 0.21 0.48 f 0.23 0.32 f 0.08 
0.05 f 0.20 1.44 f 0.38 0.67 f 0.57 
0.08 f 0.20 la1  f 0.34 0.56 f 0.37 

4.01 f 0.23 010 f 0.20 0.03 f 0.05 
0.01 f 0.19 0.46 f 021 0.14 f 021 
0.25 f 0.19 0.95 f 0.35 0.61 f 0.32 
0.05 f 0.15 0.46 f 0.27 . 0 2 6  f 0.08 

Uranlurn.238 Concentration (I 1 0 9  pMlmlp 

0.50 f 0.18 0.50 f 0.18 0.50 f 0.18 
0.31 f 0.17 0.31 f 0.17 0.31 f 0.17 
0.33 f 0.12 0.84 f 0.17 0.55 f 0.10 
0.53 f 0.16 0.53 f 0.16 0.53 f 0.16 
0.30 f 0.12 0.30 f 0.12 0.30 f 0.12 
0.31 f 0.09 0.99 f 0.25 0.71 f 0.12 

0.12 f 0.09 0.37 f 0.09 0.25 f 0.14 
0.05 f 0.08 0.48 f 0.13 0.18 f 0.08 
0.10 f 0.07 0.59 f 0.13 0.31 f 0.08 
0.10 ,f 0.09 0.10 t 0.23 0.51 f 0.42 
0.25 f 0.10 0.92 f 0.22 0.52 f 0.30 
0.01 f 0.08 0.14 f 0.11 0.08 f 0.07 

-0.02 f 0.03 0.11 f 0.06 0.04 f 0.05 
0.17 f 0.13 0.61 f 0.18 0.41 f 021 
0.07 f 0.06 0.41 f 0.10 0.24 f 0.06 

Po r c o n 1 
01 DCG 
M 

0.37 
0.08 
0.11 
0.13 
0.05 
0.18 

0.03 
0.05 
0.06 
0.13 

0.01 
0.03 
0.12 
0.05 

ai l  

0.08 
0.05 
0.09 
0.09 
0.05 
0 12 

0.04 
0.03 
0.05 
0.09 
0.09 
0.01 
0.01 
0.07 
0.04 

e. 

b. 

e. 
d. . Calcuhted as 1.96 Sandard devialiis 01 Ihe mean. 
e. 

1. 

C minimum - minimum measured ~ r a l i o n ;  C maximum I maximum measured mxanlralion; C mean I mean 
calcuhled concentralion. 
Radiochemically delermined as pluloNum239 and 440. The DOE DCG br pllamium in water avaikble IO 
members 01 lhe public is 30 x 109 pCilml (Appendix 8). 
Calculated as 1.96 slandard dwialiom 01 lhe individual measuremenls. 

Radiochemically determined as uranium.?33. and -234. The DOE DCG lor uranium in water available lo members 
01 lhe public is 5W x 10.9 pCilml (Appendix B). 
Radiochemically delermined as uranium238 The WE !XG lw uranium in walw available IO members of Ihe 
puMic is 600 x 10.9 pCilml (Appendix 8). 

R O C ~ Y  Fiats Plonl 
rltor 1990 

Table 3.3-6 
Americium end Tritium Concentrations In Public Water Supplies 

Percenl 
Number 01 of DCG 

Lncpllnn AWM !addn?m' C C  ! a r t w P d  l.!aw 
Amerlclum Concontration (I 10) pCUml)b Rorerwolr 

Boulder 1 4.018 f 0.036 4018 f 0.036 4.018 f 0.036 0.00 
m 1 0.031 f 0.049 0.031 f 0.049 0.031 f 0.049 0.10 
Greal Weslern 12 .o.m f 0.009 0.001 f 0.015 4.001 f 0.001 0.00 
Ralslon 1 4.014 f 0.039 4.014 f 0.039 4.014 f 0.039 0.00 
W l h  b l d N  DNelShll Canal 1 4.010 f 0.039 4.010 f 0.039 4.010 f 0.039 0.00 
Slandley 12 -0.005 f 0.003 0.012 f 0.012 0.002 f 0.003 0.01 

Drlnklng Walor 
Arvada 3 0.001 f 0.038 0.015 f 0.042 0.008 f 0.008 0.03 
Boulder 12 .O.W6 f 0.009 0.013 f 0.014 0.002 k 0.003 0.01 
Broomfield 12 -0.006 f 0.012 0.005 f 0.013 4.001 f 0.002 0.00 
Denver 3 4.018 f 0.035 4.014 f 0.036 4.016 f 0.002 0.00 
Golden 3 4.021 f 0.040 0.006 f 0.038 -0.W f 0.016 0.00 
Lalayelle 3 4.02 f 0.033 .0.002 f 0.037 4.012 f 0.OII 0.00 
Louis& 3 -0.034 f 0.031 0.025 f 0.046 4.001 f 0.034 0.00 
Thwnlon 3 4.014 f 0.035 0.010 f 0.043 4.005 i 0.015 0.00 
Weaminslei 12 -0,006 f 0.009 0.011 f 0.011 4.001 f 0.003 0.00 

R o ~ r r v o l r  TrlUum Concentration (I 10' pCUrnl)' 

Boulder 1 50 f 120 50 f 120 50 f 120 0.00 
m 1 -10 f 110 .10 f I10 -10 f 110 0.00 
Greal Weslern 46 -140 f 100 264 f 140 20 f 20 0.00 
Ralsron 1 193 f 120 190 f 120 190 f 120 0.01 
Sou lhb lder  DiversionCanal 1 120 f 120 120 f 120 120 f 120 001 
Slandley 52 -70 f 80 150 f 120 20 f 10 0.00 

Drlnklng Water 
Arvada 4 -100 f 120 80 f 160 -10 f 70 0.00 
Boulder 52 -130 f I00 230 k 130 20 * 20 0.00 
Brwmlidd 49 -110 f 140 170 f 110 10 i 20 0.00 
Denver 4 io  t io0 la i im 40 + 60 0.00 
Golden 4 -10 f 130 110 f 160 40 k 60 0.00 

Louisville 4 -M f 100 150 f 170 50 f 70 0.00 
Thornlon 4 -70 f 120 90 f 110 IO f 70 0.00 
Weslminsler 52 -190 f 140 170 f 163 20 f 20 000 

Lalayelle 4 -60 i 100 100 i im 30 * 60 0.00 

a. 

b. 

c. 
d. 
e. 

C minimum = minimum measured amcentmion: C maximm I maximum measured amcentration; C mean - mean 
calculated concenlralim. 
RadiochemicaGy determined as ameiim.241. The DOE DCG la americium m water avaibble IO members 01 
Ihe prblic is 30 x 109 )rCi/ml (Appendix B). 
Calcuhted as 1.96 standad devktiiom 01 the individual measurements. 
Calcuhted as I.% Sandard devialiis 01 the mean. 
The DOE DCG bi liilium in waer avaibble lo members 01 the pmlc is 2.wO.Mo x ID9 p C i l  (Appendix 8). 

X I  
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3. ENVIRONMENTAL 
MONITORING PROGRAMS 

3.4 GROUNDWATER - 
MONITORING 

Bruce J. Bevirt 

I 
The RFP Groundwh Monitoring Program was InHiated In 1960 to provide 
data on radionucllde and chemkal contamlnants present In groundwater. 
Changes have occuned In recent years os environmental regulatbns have 
evolved and expanded to Improve groundwater monltorlng and protection. 
These changes have resulted In the Installatton d oddiHonal monitoring web, 
improved sample handling and data quality assurance, and enhanced 
analytical programs. Thls sectlon deflnes the groundwater program. 

i 
i 
i 
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bedrock sandstones of the Arap:lhoe formation that are 
isolated within intervals of claystone are confined and 
represent a lower flow system. Table 3.4-1 gives the rela- 
tive hydraulic conductivities associated with the lithologic 
units present at RFP. 

In t he  spring and early sutntner the Rocky Flats Alluvium 
and Arapahoe Formation, located in the central and eastern 
portion of RFP. are recharged by precipitation and ground- 
water lateral flow. In the late summer and early fall these 
formations are recharged mostly by groundwater lateral 
flow. As a result, the groundwater near the surface of the 
alluvium is discharged by evapotranspiration to such an 
extent that a hardened, impermeable soil layer (caliche layer) 
has developed over a large area where the water table is 
within 2 to I O  ft of the surface. In the stream drainages, 
groundwater discharges at seeps that are common at the base 
of the Rocky Flats Alluvium and where individual sand- 
stones become exposed to the surface. 

Table 3.4-1 

Lltholoalcl - Hydraullc Conducllvllles of Lllhologlc Unlls 

Rocky Flals Alluvium 
Subcropping Arapahoe sandslones 
Unweathered sandstones 
Weathered and unwealhered dayslone 

10.5 anlsec (10.4 Wyr) 
10.5 cm/sac (10.4 Hv) 
104 cmlsec (1.04 Hb) 
1 0 7  to t o 8  cmhec. 

(0.104 l00.0104 Htyr) 

The present understanding of the hydrogeologic relation- 
ships indicates that there are no known bedrock pathways 
through which groundwater contamination may directly 
leave RFP and migrate into a confined aquifer system 
(EG90a). 

A total of 364 monitoring wells (Figure 3.4-2) and 
piezometers were in  place at RFP before 1990. An 
additional 18 wells and piezometers were installed in 1990 to 
provide for better characterization of the geology, hydro- 
geology, and geochemistry at RFP. Of these additional 
wells, four alluvial piezometers were completed on the 881 
Hillside (OUI) to evaluate the volume and flow direction of 
groundwater. The remaining 14 wells were installed in 
northern arid southern portions of the buffer zone to monitor 

Monitoring Procedures 

X6 

Rocky Flats Plont 
for lpw 

Figure 3.4-2. Location of Monitoring Wells 
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groundwater quality as part of an investigation to locate a 
new landfill site. Table 3.4-2 shows groundwater wells 
itistalled by area at RFP. 

Groundwater samples are collected quarterly from 258 
alluvial and bedrock wells and analyzed for piIrameters 
shown in Table 3.4-3. These wells an: spatially distribuled 
throughout RFP to provide the necessary coverage IO satisfy 
RCRAKERCLA and CDII guidelines for monitoring 
groundwater at hazardous waste sites. Sanlples are no1 
collected from the remaining wells at RFP either because 
they contain no water or because construction of the well 
was unknown or of questionable quality. 

Monthly water-level measurements are taken from I16 wells 
to adequately categorize groundwater flow directions. These 
data are used to evaluate trends in groundwnter qu:ility ;ind 
contaminant inigrdtion in the uppermost, unconfined aquifer. 

Table 3.4-2 
Groundwaler Monlforlng Wells 

Wellr lnslalled Walls lnslalted Wells InshtlM Total Number 01 

hmll!?n IRUs!!? In-LBBB 
sdar Ponds 
Present Landldl 
West Spray Field 
Process Waste Lines 
903 Pad 
Mound 
Eart Trenches 
881 HKde 
Piezometers 
Background 
Easl Buller 
Nnth Buller 
South Buller 

4 

9 
5 

Totals 18 

32 
13 
8 
3 

4 
3 

40 
50 

33 
25 
18 
2 

15 
14 
27 
37 

8 
14 

65 
38 
26 

5 
15 
I 4  
31 
44 
40 
58 
14 
9 
5 

153 193 364 

xx 
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Table 3.4-3 
Slle Chemical Consllluenls Monllored In Groundwaler 

ChlaomWhane (CH,CL) 
Bromometham (CH,Br) 

Chlormlhane ( g Y C L )  
Methylene CNoride (CYCL,) 
Acelone 
Carbon Diwllae 
t.l-Diehbrmhane (1.1-DCA) 
l.l:Did~Whem (I.I-DcE) 
trans.l.2-Diila~ethene 
1.2.Dichbroe(hene (loid) (lotal 1.2tCE) 
Chbrolorm (CHClj 
1.2.Cichbfonlhane (t.2-DwI) 
2-Buiamne (MEK) 
I . l . l -T r ich laoeIh~ (t,t.t-TCA) 
Carbon Telrachbride (CClJ 
Vmyl Acalake 
Bromodiibranelhane 
1 , I  .2.2-Tetrachloroethann 
IP-Lkhloropmpane (I2-DcP) 
Irans.l.3Dichbropfcpene 
Tiichbroelhylene (TCE) 
Dibromodfbromelhane 
l.I.2.Tikhbrwlhane 
Benzene 
cis-l.3-Dikhlorxqrapene 
Bromolorm (CB J 
2-Hexanone 
4-Melhyl-2penIamme 
Teliachloroelhene (PCE) 
Toluene ( C p d  
Chbrobenzene (C$IsCL) 
Ethyl Bemew 
Slyrene 
Trial x*nes 

V i $  Chlaide (C,HJCL) 

l?anmd&* 

Gross Alpha 
Gfms Beta 
Uranium.233. -234. .235. and .238 

Amei~iwn.24t (Am.241) 
Plutonium-239. -240 (Pu.239. -240) 
Strmium.89. .90 (S1.89, .90)1 
Cesium-137 (Cs.137) 
Triium (H-3) 
Radiudium226. -223 (Ra.226. . n S ) O  

(U-233. -234. -235; and -238) 

Field Parameters 

fcitic Conductance 
Temperature 
Dissdvad Oxygen 
Alkabdy 

Cabonale (CO,) 

Chbrie (CI) 
Sullale (SO J 
NilraleNilrile (NOfiO, as I 
Cyanide (CNF 

Bicarbanale (HCO1) 

a. N d  analyzed prior to 1989 
b. Prior l o  1989. lihium was only analyzed during lowlh quarter 1987 and lint quatler 1988. 
c. Cyanide was nd analyzed during lowth quafler 1987. 
d. N d  analyzed m background samples m 1989. 
e. Disdved radionudides rephms tdal radionudides (except tritium) beginning wlh lhe K i d  quaner 

1987. 
I. Slronlium.89. .90 was nd analyzed during lbsl quaner 1988. 
g. . No( analyzed priot lo 1969. and only anatyzed il gross alp& exceeds 5 pCd. 

NOTES: 
* Told suspended solids and phosphate were analyzed in 1986 only 
* Chromium (VI) was analyzed during lour(h quaflr 1987 only. 
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RESULTS 

The final IAG (Section 2, "Compliance Summary") divides 
RFP into 16 opcrable units for study and restoration. The 
following section discusses results of groundwater investi- 
gations on OUs 1. 2, 4, 7, and I I .  OUs 4, 7, and 11 were 
identified collectively as OU 3 under the fonner draft IAG. 
Results of samples taken from background wells used to 
characterize the spatial and temporal variability of naturally 
occurring constituents are given in the documented titled 
Background Geochemical Charactcrizaiiori Report for 1989 
(EG90f). 

Groundwater investigations and restoration activities at RFP 
follow I five-phase plan to identify contamination, design 
and implement treatment procedures, and monitor adequacy 
of restoralion actions. This process includes establishment 
of groundwater quality standards that .m specific to each OU 
and reflect state and federal requirements. N o  specific 
standards have been established for OUs at RFP, although 
possible liinils have been identified pursuant to the CERCLA 
requirements that  remedial actions comply with ARAR 
federal laws or more stringent, pronlulgated state laws. In  
addition, the CWQCC held a hearing on February 4, 1991. 
to discuss proposed groundwater qualify classifications and 
standards for groundwater protection in  the vicinity of RFP. 

881 Ilillside. The report titled Phase Ill RFllRl Work 
Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unir 
No. I) (EGYIi) contains information on groundwater quality 
at OU 1. Shallow groundwater under the X X I  Hillside is 
contaminated with volatile organic compounds (VOCs), 
inorganics (including some metals), and elevated levels of 
ur:inium. 

The contaminants of most concern are VOCs in the 
unconfined groundwater system within the boundaries of 
Solid Waste Management Units (SWMUs) 119.1 and 119.2 
(Figure 3.4-3) in  the eastern portion of this operable unit .  
These m a s  were used for barrel waste storage from 1967 to 
1972. Figure 3.4-4 shows approximate outlines of the 
groundwater contaminant plumes on the plantsite and depicts 
the extent of contaminant niovement under the 881 Hillside. 
Organic contaminants in the highest concenvations in 1990 

Operable Unit 1 (OU I )  

90 

Rocky Flats Plmf 
Site Enviro 

were I.l,l-uichloroethane (ranging up to 19,000 p@, I .  1- 
dichloroethene (ranging up to 16,000 pd). and tnchloro- 
ethene (up to 13,000 pg). However, concentrations of this 
magnitude represent one-time sampling events and are very 
limited spatially. 

Concentrations of VOCs diminish rapidly downgradient of 
SWMUs 119.1 and 119.2, becoming equal to or below 
detection areas. limits (5 &I) within 200 ft of the original storage 

Highest concentrations of inorganic constituents also were 
found in  the eastern portion of OU I ,  where constituents 
above background concentrations included total dissolved 
solids (TDS). metals (nickel, strontium, selenium, zinc, and 
copper), and uranium. 

903 Pad, Mound, and East Trenches Areas. The 
report titled Phase II RFIIRI Work Plan, Rocky Flats Plant. 
903 Pad, Mound, and East Trenches Arcac, Operable Unit 
No. 2 (EG9lj) contains information on groundwater quality 
at OU 2. Groundwater in  the alluvial materials and 
interconnected groundwater in the shallow subcropping 
sandstone bodies are contaminated with VOCs, inorganics 
(including metals), elevated TDS, and some radionuclides. 

Inorganics commonly occuning above background levels 
include TDS, strontium, barium, copper, and nickel, and to 
a lesser extent, chromium, manganese. selenium, lead, zinc. 
and molybdenum. The majority of the radionuclide conlami- 
nation is uranium-238. Americium and plutonium also are 
present in some samples. 

Contaminants of most concern are VOCs. Concentrations of 
teuachloroethene (ranging up to 20,000 pg), and mchloro- 
ethene (up to 96,000 pg) were detected in 1990. However, 
concentrations of this magnitude represent one-time sam- 
pling events and are limited spatially. Figure. 3.4-4 depicts 
groundwater contaminant plumes on the plantsite and 
indicates the approximate extent of contamination at OU 2. 
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Certain inorganic parmeters and radionuclides were elevated 
above background values in OU 2. but did not appear to 
exist as a defined plume of contamination. Investigations are 
underway to further characterize these plumes and the 
magnitude and extent of contamination. 

L 
-7 

Figure 3.4-3. Solid Waste Management Units (SWMUs) 
Numbers 119.1 and 119.2 
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Figure 3.4-4. Location of Groundwater Contamination Areas 

93 



Operable Units 4, 7, and 1 I 
(OUs 4, 7, and 1 1 )  

Solar Ponds, Present Landfill, West Spray Field. 
OUS 4, 7, and I 1  are RCRA-renulated units. The nnrnmc - of groundwater monitoring in  Fhese units is to determine 
impacts of waste management activities on groundwater 
quality in the uppennost aquifer beneath these units. The 
report titled I990 A n n u l  RCRA Groundwater Monitoring 
Report f o r  Regulated Units at  the Rocky Flats Planr 
(EGY I h), presents 1990 interim-status quarterly ground- 
water monitoring results. Results are given on groundwater 
elevations, migration rates, and quality analyses. A 
comparison is made between site concentrations and 
calculated statistical upper background concentrations to 
identify areas and types of exceedances. Concentrations are 
reported in  mg/l for inorganics and dissolved metals, pCi/l 
for dissolved radionuclides, and pg/I for VOCs. The 
following sections highlight results of groundwater moni- 
toring of OU 4.7, and 1 1  in  1990. 

Solar Ponds (OU 4). The Solar Evaporation Ponds area 
is undergoing groundwater assessnient monitoring to further 
determine the level and extent of contamination migration in 
the uppermost aquifer beneath this uni t .  A total of 62 
monitoring wells presently exist in the Solar Evaporation 
Ponds area (29 of these monitoring wells are alluvial 
[shallowl wells and 33 are bedrock [deep] wells). Water 
elevation data collected throughout 1990 reveals that 
groundwater flow from the solar ponds diverges along two 
major subsurface flowpaths: one northeast toward North 
Walnut Creek and the other southeast toward South Walnut 
Creek. Figure 3.4-5 displays 1990 flow contours for the 
shallow groundwater during the high flow season (February 
to March). 

Data from 1990 indicate that groundwater in downgradient 
wells screened in  surficial materials and weathered bedrock 
immediately north, east, and southwest of the ponds is 
impacted with nitrate/nitrite. sodium, TDS, sulfate. 
dissolved radionuclides, and VOCs. TDS concentrations 
ranged from 420 to 6,700 mg/l in wells north of the Solar 
Evaporation Ponds. Nitrate/nitrite ranged from 55 to 880 
mg/l in wells north of the Solar Ponds. Radionuclides 
detected above background east of the Solar Ponds included 
uranium-233, -234 (900 pCi/l), uranium-235 (9 pcifl), 
uranium-238 (I90 pcifl), tritium (940 p C i ) ,  and americium 
(0.02 pCi/l). VOCs were detected in  shallow wells 
southeast of the Solar Ponds, including concentrations of 
vinyl chloride of up to 950 p@. Other inorganic parameters 
such as calcium, magnesium, bicarbonate, and fluoride were 
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Figure 3.4-5. Solar Evaporation Ponds Potentiometric 
Surface in Surficial Materials 

rigurt: a.7-d. S 

detected above background values in several wells north and 
east of the Solar Ponds. Background groundwater WaFtY 
data for RFP calculated as upper statistical concentration 
limits for specific analytes is presented in Table 3.4-4. 
Upgradient to the Solar Evaporation Ponds area, groundwa- 
ter quality reflects elevated levels of TDS. nitrate/nitrite. 
calcium, magnesium, bicarbonate, and chloride. Uranjuln- 
233, -234, uranium-238, uranium-235, tritium, americium- 
241, and cesium-137 were detected within and adjacent 10 
the Solar Evaporation Ponds. Concenuations and distribu- 
tions of these radionuclides (reported in pcf l )  are presented 
in Figure 3.4-6. 
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Figure 3.4-6. Solar Evaporation Ponds Dissolved Radionuclides 
Above Background in the Uppermost Aquifer 
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The Present Landfill (OU 7). . The Present Landfill is 
undergoing groundwater monitoring to assess the level and 
extent 'of migration of contamination in  the uppermost 
aquifer beneath the uni t .  Groundwater elevation data 
collected in I990 indicates that groundwater beneath the 
landfill flows easterly through suriicial geologic materials 
toward the landfill pond (Figure 3.4-7). The groundwater 
flow regime in the weathered bedrock is similar to that 

Figure 3.4-7. Present Landfill Potentiometric Surface 
in Surficial Materials 
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observed in the surficial materials. Influencing the natural 
flow regime in the area are several engineering control 
systems installed to intentionally redirect surface and 
subsurface flow around the landfill. Engineering control 
systems include pond embankments, a leachatelgroundwater 
interceptor system, a surface water interceptor ditch, and a 
buried slurry wall. Assessment of the 1990 data reveals that 
contaminants appear to migrate with the groundwater flow 
along the leachate detection system toward the I;mdfU pond. 

Thirty-one shallow and four deep groundwater wells are 
monitored quarterly at the Present Landtill. Groundwater 
quality data collected in and adjacent to the landfill in 1990 
show major inorganic ions, dissolved metals, dissolved 
radionuclides, and VOCs in  the shallow groundwater at 
concentrations above representative background concentra- 
tions. Specifically, the landfill is observed to impact 
groundwater quality through increased concentrations of 
bicarbonate, calcium, chloride, magnesium, sodium, and 
sulfate. Additionally, the landfill appears to contribute 
dissolved metals, primarily barium, calcium. copper, iron, 
mignesium, manganese. nickel, sodium. and to a lesser 
extent, aluminum. arsenic. cobalt, lead, mercury, selenium, 
and zinc. Nitrate/nitrite is also elevated in  several wells; 
however, concentrations are similar to concentrations seen in 
wells upgradient to the landfill. Radionuclides detected in 
the first quarter of 1'990 in and adjacent to the Ianndfill include 
americium-241 up to 3.19 pCi/l, and uranium-233, -234 up 
to 20 pCi/l (Figure 3.4-8). Detections of VOCs were 
sporadic i n  occurrence with several different compounds 
occurring in  just a single well or in a group of wells. Ihe  
distribution and concentrations of these parameters are 
presented in  Figure 3.4-9 where radionuclides are given in 
pCi/l; all other mdytes are reported in ni@. 

The assessmen1 of downgradient water quality is commonly 
used to determine impacts from landfill activities. Down- 
gradient of the Present Landfill, concentrarions of nitrate/ 
nitrite were detected at 160 m@. Other inorganics detected 
in concentrations exceeding background include TDS (3,000 
mdl), chloride (550 rndl). sulfate (520 mg/l), and 
bicarbonate (920 nig/l). Metals found to exceed background 
concentrations were manganese (0.3X m g ) .  magnesium 
(X8.Y mg), calcium (229 mg). incrcury (1.4 m@). nickel 
(0.4 mg/l), and sodium (420 mg/l). No VOCs or rddionu- 
clides were detected downgr;idient of the landfill. 

Rocky Nofs Plant 
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Figure 3.4-8. Present Landfill Dissolved Radionuclides Above 
Background in the Uppermost Aquifer . 
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Figure 3.4-9. Present Landfill Volatile Organic Compounds Detected in 

the Uppermost Aquifer 
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Rocky Rots P / m t  
Ste -for 1990 

A groundwater monitoring program is underway at the West 
Spray Field to provide continuing monitoring and assess- 
ment of the level and extent of migntion of contamination in 
the uppermost aquifer beneath this unit. Groundwater flow 
in the uppermost aquifer is relatively uniform in an east- 
northeasterly direction. Twenty alluvial wells and three 
bedrock wells are mutinely sampled at the West Spray Field. 
A 1990 groundwater flow map for the high flow season, 
February to March, is presented in Figure. 3.4-10. 

West Spruy Field (OU 7 I )  



I 

In general, groundwater monitoring at the West Spray Field 
during 1990 detected several analytes at concentmtions close 

. . to the background. These analytes included inorganics and 
some metals; however, some radionuclides and organic 
compounds were also detected. See Figure 3.4-1 1, where 
radionuclides are given in pCi/l; all other analytes are 
reported in  mgn. Water quality data from shallow wells 
within and adjacent to the West Spray Field indicate that 
groundwater is impacted with elevated levels of nitrate/ 
nitrite, sodium, TDS, sulfate, dissolved radionuclides. and 
VOCs. Groundwater qunlity is unaffected beyond the site 
boundary in wells located approximately I . I O 0  ft to the 
north and 1.600 ft to the southeast. Concentrations of 'I'DS 
ranged from 430 to 530 mgA with the higher conceiitr;itioiis 
occurring i n  the central ponion of the site. Niu;ite/nitrite was 
detected i n  two wells i n  the western portion of the site at 
concentrations near background (4-6 rng/l) levels of 
concentration. Several metals including manganese, iron, 
lead, aluminum, and sodium were detected i n  1990. These 
detections occurred sporadically at  near background 
concentrations with the exception of iron and manganese, 
which were detected consistently. 

Dissolved radionuclides and VOCs detected in  the first 
quarter of 1990 in particular wells are also presented i n  
Figure 3.4-1 1. Uranium-233, -234 concentrations ranged 
from 0.67 to 1.97 pCi/l. Radionuclides detected during 
1989 (tritium, americium-24 I ,  plutonium-239, and cesium- 
137) were not detected during first quaner 19%). Benzeiie, 
toluene. methylene chloride, and acetone were detected i ~ t  
near laboratory detection limits ;is single occurrences. 
Benzene was detected once at 7 pfl. Acetone was detected 
once at 1 I pg/l, Methylene chloride and toluene were 
delected at the lab detection limit of 5 pgn. hlethylcne 
chloride arid acetone u e  conimon 1abor;itory containiii;iiits, 
and concentrations near the detection limil may not rellcct 
impacts to groundwater quality. 

Upgradient to the West Spray Field, groundwater quality 
was impacted by elevated levels of TDS and nitr;ite/nitrite. 
Nitratelnitrite concentrations ranging from 4.6 to 5.6 IngA 
exceeded the background concentration of 3.4 mgh. TDS 
levels of 430 mgA exceeded Ihe sutisrical upper background 
concentration of 389 nig/l. Cadmium. sodium, and 
magnesium concentrations exceeded represent;itive back- 
ground concentrations also in  wells dowrigradient of the 
West Spray Field. 
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Figure 3.4-11. West Spray Field Analytes Above Background and 
Volatile Organic Compounds Detected in the Uppermost Aquifer 
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The soil monitoring progrum hiis been conducted since 1972 
excepting the period between 1978 and 19x3. Soils were' 
sampled at RFP in Septeniber I990 ai 40 sites loc;iied within 
concentric circles. approxim;itely 1.6 ;ind 3.2 kni ( I  and 2 
mi) ridii from the center of RFP (Figure 3.5- I ) .  Along each 
circle. sampling Itrotions were spaced at I X" increments and 
designated accordingly (e.g.. location 1-018 refers to the 
inner circle [ # I ]  at 18' northeast). The soil s m p l e s  were 
collected by driving a IO- by I0-centinieier (crn) (4- by 4- 
inch 1in.l) cutting itml 5 cni (2 in.) tlecp into undisturbed 
soil. The soil sample within the ttml cavity W:IS collected md 
placed into a new I-gallon stainless steel can. Ten sub- 
samples were collected from the corners and the cenier of 
two I-meter squares. which were sp;iced I meter apart. 
Each set of IO subsaniples was coinpositccl (5,OOU cubic 
centimeters I c d l )  for soil rutlionuclides ;iiialysis. Lubora- 
tory analysis was prfoniied io dcteriiiine pIutoniut11 concen- 
trition. expressed as pCi/g. 

Soil plutonium concentrations for 19x4 through 1990 are 
presented on page I12 in'I'able 3.5-1. I'igure 3.5-1 depicts 
the location ofthe soil snmple sites, a s  well LIS ihc mea11 and 
st;ind;ird deviation of soil plutoniuni coiicentr;itions from 
19x4 through 1990. Samples taken i n  I990 Trom the inner 
concentric circle ranged froin 0.03 pCi/g to 9.14 pCi/g. In 
previous years the highest soil pluionium coIiccniriition was 
found ai sites 1-090 and I - I O X  (1:igure 3 .5 -2 ) .  During 
1990, si\mple location 1-090 was rcl0c;itcd :ipproxiniately 
200 ni to the north. The older site is I t ~ a t e d  i n  ;in area 
cumnlly under inieiisive study ;is piin of  the IAG. 

Samples from tile outer coiiccniric circle ri~nged from 0.00 
pCi/g to 3.94 pCi/g. The highest plutoniunl concentrations 
were found i n  soil samples from the e;isierli portion of the 
buffer zone (Figures 3.5- I and 3.5-2). These sample 
locations are east and southe;ist of the iniijor source o f  
plutonium contamination i i i  the soil eiiviroiiiiient at RFP. 
Plutonium contiiniili;ition probably originated frolil an ;ires 

known :is the 903 1)ad where steel drums were used to store 
plutoniuni-contaniinnted industrid oils Iron1 195X to 1968. 
1xnk:ige from these drums conimimtcd surhce soils and 
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Figure 3.5-1. Soil Sampling Locations 
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Rocky Flats Plant 
for Ipw 

plants. Plutonium particles entrapped in the fine fraction of 
top soil horizons were subsequently airlifted by winds and 
deposited on soils i n  an east and southeast-trending plume 
(KR70). Table 3.5-1 indicates that data from previous years 
have consistently shown elevated plutonium concentrations 
in soils from these sites. 

The plutonium concentration in soils east and southeast of 
the 903 Pad varied somewhat between years (Table 3.5-1). 
Each monitoring site was adequately sized (30 by 30 m) to 
allow yearly selection of non-overlapping sample areas. 
Since the sampling location varied between years, small 
microtopographical variation was i n d u c e d ,  which affected 
wind deposition and resuspension rates of plutonium. In  
addition, natural variability in erosional and faunal activities, 

Sample Locnllons at 18' Increments 

Figure 3.5-2. Mean Plutonium Concentration in Soils at 1- and 2-Mile 
Radii from the RFP, 1984 - 1990 

I l l  
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Rocky Flots Plont 
Site for 1990 

OVERVIEW 
Thermoluminescent dosimeters (TLDs) contain a luniines- 
cent material that absorbs energy from exposu~s  to ionizing 
radiation. When the TLD is heated later under controlled 
conditions. the energy is released as visible light. Ibis  light 
is ineasurrd and can be used to indicate the external gamma 
radiation dose that a person could receive under the same 
exposure conditions. The primary radioactive materials to 
which the public might be exposed as a result of RFP 
activities emit relatively little penetrating g:imnia radiation. 
The most important potential source of radiation dose to the 
public from RFP activities is the alpha radiation from 
inhalation or ingestion of  plutonium. ;imuicium, or uranium. 
Gamma radiation measured with the R I ~ I ’ ~ I ~ L I ~ s  is primarily 
from naturally occurring cosmic arid primordi;il sourcts. 

RFP has 46 TLD monitoring locations with rqlicate TLDs 
at each location. All TLDs are replaced aftcr iiii eaposure of 
approximately 3 nionllis. The TLDs ;ire placed ai 18 loca- 
tions within the property enclosed by tlie security fence. 
Measureinents a n  also made a1 16 perinietcr Incations 2 to 4 
mi from the center of RFP and in 12 coinniuniiies located 
within 30 mi of KFP. Ihe TLDs are pl:iccd at a height of 
about 3 ft above ground level. 

During 1983. conversion from :I 1I:irsh:iw ’I’LI) system to a 
iiti:ited. For one complete calendar 
type were used at e:ich monitoring 
19x4, only 1’;inasonic I L D s  have 

been used. I t  was determiiied that ii statislically significant 
difference i n  response exists between tlie I larshaw environ- 
nienral monitoring system and [lie I’aniisonic eiivironniental 
monitoring system. To conipse lW0 values with the 
Harshaw data reported prior to 1984. i t  is necessary to 
multiply the Panasonic results given in Table 3.6-1 by 
1.046. 

The Panasonic TLDs consist of two nitnlcl 802 dosinieters, 
each of which h:is four  elements. Only one 
of each dosirnetcr is used. This elemeiii cun. 
sulfote. thulium drifted (CdSO4:Tni). deposited on a 
polymid surface. The phosphor is covered with clear Teflon 
and backed with a n  op:ique ABS pl:istic. The TLDs are 
padkaged in a small phstic bag, ;I p:iper envelope, and 
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4. RADIATION DOSE 
ASSESSMENT 

Nancy M. Daugherty 

This section is a detailed discussion of methodologies and results of an 
assessment of the radiation dose to the public that could result from 
activities at the RFP. Appendix A. 'Penpecthm on Radlatlon,' glver an 
overview of bask radlatlon concepts. 

121 
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R O C K Y  FLATS PLANT 
RA DlOA CTI VE 
MA TERlALS 

Radioactive materials included i n  calculaiing radiation dose 
to the public from RFP activities are plutonium. uranium, 
americium, and tritium. Internal exposure to alpha radiation 
emissions from inhalation and water ingestion of plutonium, 
uranium. and americium is the primary contributor io the 
projected radiation dose. Previous pathways assessments in 
the Rocky Flats Plant Site Environnientol Impact Statement 
indicate that swimming and consumption of foodstuffs are 
relatively insignificant contributors to public radiation dose 
(DOE80). Swimming and fishing are limited in the area, and 
most locally consumed food is produced at considerable 
distances from the plant. Current pathway analysis is being 
reviewed to ensure that appropriate pathways are included in 
the dose assessment methodology. 

Standards for protection of the public from radiation are 
based on radiation dose. Radiation dose is a means of 
quantifying the biological effect or risk of ionizing radiation. 
In the United States, the unit commonly used to express 
radiation dose is the rem or the millirem ( I  rem = 1.000 
mreni). The comparable International Standard (SI) unit of 
radiation dose is the sievert ( 1  sievert (Sv)=100 rem). 
Radiation protection standards for the public are annual 
standards, based o n  the projected radialion dose from a 
year's exposure to or intake of radioactive materials. 

Radiation protection standards applicable to DOE facilities 
are based on recommendations of national and international 
radiation protection advisory groups and on radiation 
protection standards set by other federal agencies. On 
Febru'ary 8, 1990. DOE adopted revised radiation protection 
standards for DOE environmental activities (DOE90a). 
These standards incorporate guidance from the National 
Council on Radiation Protection and Measurements 
(NCRP), the International Commission on Radiological 
.Protection (ICFW), and the CAA NESHAP, as implemented 
in 40 CFR 61. Subpart H (EPA85). e December 
15. 1989, EPA revised NESHAP st for airborne 
emissions of radionuclides from DO es (EPA89). 
These new NESHAP standards apply to air emissions from 
RFP in 1990 and are incorporated into the revised DOE 
standards. 

RadiaNon Protection 
Standards for the Public 

123 
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Site p 

Radiation Dose 
Conversion Factors 

Radiation dose conversion factors used for determining 
compliance with DOE standards for all pathways are 
prescribed by DOE (DOE88a. DOE88b. DOE90a). Dose 
conversion factors for internal exposures are based on 
recommendations of the ICRP (IN79). Dose conversion 
factors for external exposures to penetrating radiation are 
based on a methodology developed at Oak Ridge National 
Laboratory (ORNL) (K081. K083). with modifications by 
the original author (DOE88a). 

Relative abundances of plutonium and americium isotopes in 
plutonium typically used at RFP (Table 4-1) were used to 
calculate composite dose conversion factors for plutonium 
and americium in  air and for plutonium in  water. The 
relative abundances used in developing the composite dose 
conversion factors were based o n  the isotopic activity 
fractions of plutonium-239 and -240, since these are the 
isotopes measured in  environmental monitoring sample 
analyses. Fractions of ingested radionuclides absorbed from 
the gasxointestinal tract and lung clearance classes for 
inhaled radionuclides were chosen to maximize the 

Maximum Ptunt Boundary 
Dose 

Table 4-1 
lsotoplc Composlllon of Plutonlum Used at the RFP 

Relalive Weight Specllic Activity Relative AcUvl l~*  Fractlon of Pu Fraction of Pu-239, 
hQlQR4 (m Gull W) A l D h s b  - 2 4 0 c  

Pu-238 

Pu-240 
Pw241 
Pu-242 
Am241 

* Beta Adivily 

Pu-239 
0.01 

93.79 
5.60 
0.36 
0.03 

17.1 
0.0622 
0.228 

0.00393 
lrn.5' 

O.WI7l 
0.05a34 
0.01322 
0.37260' 
1.18X 106 

0.0233 
0.7962 
0.1804 
5.085' 
1.61 x105 
0.M 

0.0239 
0.8153 
0.1847 
5.207 
1.65x tu5 
0.205 

a 
b. 
c. 
d. 

Oblained by muhiplying Ihe percent by wdght.by Ihe speak  adCiy. , , , 
Obtained by d d i n g  Ihe relalive adivily by Ihe sum 01 Ihe relative adlntles lor the plutonium alpha emitters. 
Oblained by dividing Ihe relalive activity by Ihe sum 01 the relative aclivities al Pu.239 and Pu-240. 
The value lor Am-241 is taken to be 20 pereenl 01 the plutonium alpha adivily. 
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associated internal dose conversion factors and the resulting 
radiation dose. Each internal dose conversion factor is for a 
50-yr dose commitment from I yr of chronic exposure. That 
is,'the dose that an individual could receive for 50 yrs 
following I-yr's chronic intake of radioactive material is 
calculated. The dose conversion factors used in this assess- 
ment are listed in Table 4-2. These dose conversion factors 
incorporate intake rates and exposure times discussed above. 

The EPA-approved computer code AIRDOS-PC. used to 
determine compliance with the CAA NESHAP standard for 
the air pathway, incorporates EPA's own approved dose 
conversion factors. Plutonium emissions were modeled for 
the isotopes plutonium-238 and plutonium-239, -240. 
AIRDOS-PC includes no dose conversion factor for 
plutonium-241 or plutonium-242, but these would be 
relatively insignificant contributors to total dose. Plutonium 
-241 emits primarily beta radiation with a very small internal 
dose conversion factor; plutonium-242 emits primarily alpha 
radiation, but is a small component of the total plutonium 
activity mix (Table 4-1). The AIRDOS-PC default values 
for lung clearance class and gastrointestinal uptake fraction 
were used when running this code. 

Dose assessment for 1990 was conducted for several 
locations: RFP property boundary and sites to a distance of 
80 km (50 mi). Following is a description of the radionu- 
clide concentrations (source terms) used for calculating the 
maximum radiation dose to the public for all pathways and 
the results of that calculation. 

Plutonium and americium in RFP environs are the combined 
result of residual fallout deposition from global atmospheric 
nuclear weapons testing and releases from the plant. 
Uranium, a naturally occurring element, is indigenous to 
many pans of Coloradoand is used in  RFP operations in 
various isotopic ratios. Tritium is both naturally occurring 
and produced artificially; tritium is sometimes used in RFP 
operations. 

The ingestion source terms were based on measured 
concentrations of plutonium, americium, uranium. and 
tritium in surface water effluent. Ground-plane source terms 
of penetrating radiation exposure from contaminated soil 
areas were based on past measured values of plutonium in 
soil and an assumed ratio of 0.20 for the americium to 
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INHALATION 

proan 

Elleclive Dose Equivalent 5.71 X 10" 
Liver 2.22 x 1013 
Bone Surfaces 1.04 x 1014 
Lung 1.08 x 1013 

Elteclive Dose Equivalent 1.90 x to5 1.70 (e) x 105 

Bone Surfaces 6.42 x 107 5.91 x 107 2.99 x 1Oe 2.70 x 10s 

Lung 

3.53 x 10s 3.29 x 10s 
(e) Liver 1.32 107 1.24 x 107 

(1) ( 1 )  (1) ( 1 )  

GROUND-PLANE IRRADIATION Square M e g d  
Mlcrocur le 

Etlective Dose Equivalent 4.80 x 1 0 5  2.99 x l o 3  

Bone Surfaces 1.62 x 1 0 5  3.69 x l o 3  
Liver 4.53 106 1.78 x to3 

Lung 9.78 x 10s 2.01 x loJ 

a. 

b. 

C. 
d. 

e. 
I. 

Inhalation and water ingestion dose conversion factors were adapted from DOE/EH-0071 (US88b) and are lor a 
50-yr dose commitmen( period and a 1 -micrometer (pm) activity median aerodynamic diameter (AMAD) particle 
size. Gastrointestinal (GI) absorption traaions and lung clearance classes were chosen to maximize the dose 
cnnversion factors. 
An inhalation rare of 2.66 x 102 milliliters per semnd ( m k )  for 1 yr was assumed and incorporated into the dose 
conversion lactor. 
A water intake rate of 2 x 103 ml(2.1 quarls) per day lor 1 yr was assumed. 
Ground-plane irradiation dose conversion factors were adapted from DOUEH-0070 (US88a). For Pu-239 and 
-240. the higher 01 the ladors lor the two isotopes was used. A I - y r  exposure period was assumed. 
The liver receives no sgnilicant dose lrom this pathway. 
The lung receives no significant dose from this pathway. 
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Rocky Flots Plant 

plutoniuni alpha activity in  the soil. Inhalaiion source terms 
for the 1990 dose assessment were based on plutonium-239, 
-240 concentrations measured in  ambient air samples. 
Although it is known that much of this plutonium in  air is 
from residual fallout from past global nunospheric weapons 
testing, for the purposes of this dose assessment i t  was 
conservatively assumed that a11 plulonium originawd from 
RFP. 

The maximum site boundury dose assessiitent :issumcs thai 
an individual is present continuously 31 the RFP perimeter. 
This assumption of an individual residing continuously at the 
plant boundary is used to provide a conservative upper 
bound on any radiation dose to the public that  might 
originate from RFP. 

The plutonium inhalation source term of 1.7 H 10- 17 pCi/ml 
(6.7 x 10-7 Bq/m3) was the iiiiixiriiuiii aiiiiua1 average 
concentration of plutonium-239 and -240. :IS mr:isured for a 
single location i n  the perimeter ambient air sampling 
network. 

The water supply for a hypotheiical inilividu:il at the RFP 
boundary was assumed to be Walnut Creek, which 
intermittently flows offsire and could potentially be a 
drinking water source at the site boundary. I t  should be 
noted that the assumption that someone may drink this water 
is extremely conservative. leading to an overestimate of dose 
to the individual. No individu:il uses the W;ilriut Creek 
water effluent at 1ndi:ina Street as a finished drinking water 
supply, and during 1990 no water rffluenl from RFP went 
directly to any drinking water supply. Plant surf:ice water 
effluents were diverted around Cre:it Western Reservoir and 
Standley Lake during 1990. Following diversion, these 
waters flowed from Walnut Creek to Big Dry Creek and 
subsequently to the South Platre River. The  RFP contribu- 
tion to total flow in  the South Platte River would be less than 
npproximately 0.2 percent based on South Platte River 
average flow from 1976 to 19x9, :IS measured at the 
1-lenderson, Colorado, gaging siatioii (UG9O). 

During 1990, plutonium conce~it~iitio~i i n  Walntit Creek 
averaged 7.0 x 10-12 pCi/inl (2.6 x 1 0 . 4  IIq/I). Average 
americium concentration was 6.0 x 10-12 pCi/ml (2.2 x I O 4  

ingestion source term for ilir m:ixiiiiiiiii site bourid;iry dose 
assessment. Ur;inium-233, -234 avenge concentration in I 

I 

Bq/l). These concentrations were used :IS lhe water I 
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Walnut Creek at Indiana Street was 1.51 x 10-9 pCi/nil (5.59 
x 10-2 Bq/l) and the avenge concentration of uranium-238 in 
Walnut Creek at Indiana Street was 1.45 x 10-9 pCi/ml (5.37 
x 10-2 Bqfi). The average concentrations of uranium-233, 
-234 and uranium-238 in incoming raw water were 5.4 x 
10-10 pCi/ml(2.0 x 10-2 BqA) and 4.5 x 10-10 pCCilml (1.7 x 
10-2 Sa/).  respectively. The source terms used for uranium 
ingestion were the difference between the Walnut Creek arid 
raw water concentrations for each of the two uranium 
isotope categories: 9.7 x 10-10 pCi/ml (3.6 x 10-2 Bq/l) for 
uranium-233, -234 and 1.0 x 10-9 pCi/ml (3.7 x 10-2 Bq/l) 
for uranium-238. The average tritium concentration i n  
Walnut Creek was la+ 10-9 pci/ml (3.7 x 10-1 Bq/l) and 
within the background range typically measured i n  regional 
waters. Tritium is an insignificant contributor to dose. 

Ground-plane irradiation by external penetrating radiation 
from contaminated soil areas also is an insignificant 
contributor to dose. External penetrating radiation associ;ired 
with radioactive materials of importance at RFP is gener:illy 
of low energy and intensity. The ground-plane irnidiation 
source term used for this assessment is based on the 
maximum plutonium concentration in soil measured at the 
RFP perimeter. as reponed by the Enyironmental Measure- 
ments Laboratory (EML) (KR70). This source term is 3 x 
10-2 pCi/m2 ( I  x IO3 Bq/m2). Americium is assumed to be 
present at an alpha activity level of 20 percent of plutonium 
(DOE80). The americium source term is estimated at 6 x 10.3 
pCilm2 (2 x 102 Bq/ni2). 

Calculation of maximum radiation dose to an individual 
continuously present at the RFP boundary uses radionuclide 
concentrations in  Table 4-3. From these concentrations and 
dose conversion factors given in  Table 4-2, a 50-yr dose 
commitment of 5.2 x 10-1 mrem (5.2 x 10-3 mSv) is calcu- 
lated as the EDE from all pathways. The bone surfaces 
receive the highest calculated individual organ dose (Table 
4-4). The bone surfaces dose is 8.2 mrem (8.2 x 1 0 - 2  
mSv). The DOE radiation protection standard for members 
of the public for all pathways and for prolonged periods of 
exposure is I00 mremlyr ( 1  mSv/yr) EDE. The maximum 
site boundary dose i n  1990 represents 0.52 percent of the 
standard for all pathways for EDE. 

. 

Table 4-3 
Radioactivity Concentrations Used In Maxlmum Site Boundary Dose Calculations 

for All Pathways 

Air wator  Surlece Deposlllon 
J.u!ulL I cvmn 1 CllmZl 

2 4 p B n t 2 4 1  . .  . .  2 4 p A m 2 . 4 L u - 2 3 3 . - 2 3 4 w  . .  
1.71 1017 7.0 x 10 ’2  6.0 x lOl2 9.7 x 10’0 1.0 x 109 3 x 1 0 2  6.~103 

Table 4-4 
50- Year Committed Dose Equlvalent from 1 Year of Chronic IntakeExposure 

from the RFP In 1990 

Effecllve Dose Equlvelenl Llver Bone Surlsces Lung 
I m r a m ) w  

a2 2.0~10-1  

- .  Imreml Loeatlon 

Maximum site Boundary 5.2 x 10-1 5.6 x 10.1 

Radiation Dose from Air 
Pathway On/y 

EPA-approved methodology (EPA89) is used to demonstrate 
compliance with CAA NESHAP standards for airborne 
radioactivity emissions. As of  December 15. 1989, the 
EPA-approved standard is based on meteorological/dose 
modeling of air emissions using the AIRDOS-PC or CAP-88 
computer codes. Table 4-5 lists the 1990 radioactivity air 
emissions used as input IO the AIRWS-PC computer code. 
These emissions include building air effluent release values 
for the year as discussed in Section 3.2 and an estimate of 
resuspension from soil as developed in the RFP EIS 
(DOE80). The estimated soil resuspension is included for 
comparison to the 1989 Rocky FIars Plan! Sire Envirrm- 
menral Repon and for use in  calculating collective population 
dose. Recent interpretation of the EPA NESHAP standard 
indicates that it may be applicable to point sources only. 

I 
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Table 4-5 
Radlonucllde ~ i r  Emissions for Input to AIRDOS-PC Computer Code -- 

Measured Bulldlng Emleslone: 

ti3 
Pu-238 
Pu-239. -240 
u-233. -234 
U-238 
Am-241 

Estimated Soil Resuspenslon: 

Pu-241 

Am-241 
PU-239. -240 

3.84 x i o 3  
2.80 x 108 
1.04 x 108 
1.63 x lo7  
5.00 x l o 7  
3.93 x 1 0 7  

2.2 x 10.2 
4.4 x t o 3  
8.8 x 104 

Note: The discrepancy between measured building emissions activib totals used as 
input 10 AIRDOS-PC and the activity totals lor effluenl air reported in Section 3.2 
resuns from the inability of AIRDOS-PC lo accepl negative release aclk’ilies that W O W  

calculated lor some of the AIRDOS-PC release bcations. These negaive values 
are generated lrom the stalis1ical variabilily of anawical values close to zem and 
below the minimum detectable activw. 

Meteorological input diu for 1990, which was reformatted 
as required for input to the AIKDOS-PC calculations, is 
given in Tables C I  through C7, Appendix C. AIRDOS-PC 
default values for lung c h w u x  class and gastrointestinal 
uptake fractions were used when running the code. The 
AIRDOS-PC default assumption of a I-pm activity median 
aerodynamic diameter (AMAD) p d c l e  size also was used. 

The AIRDOS-PC computer code calculated an EDE from 
measured building air emissions of 4.3 x 10-5 mrem (4.3 x 
10-7  mSv) 10 [he maximally exposed individual residing 

proxinlately 2.4 miles froin the plant emissions points. 
&e EDE from estimated soil resuspension was calculated as 
2.1 x 10-1 mrrm (2.1 x 10-3 mSv). 
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DOE Order 5400.5, promulg:ited February 8, 1990, requires 
the assessment of collective population radiaiion dose io a 
disrince of 80 km (SO mi) froni the center of a DOE facility 
(DOE90a). The assessnient of maximum community dose 
( i t . ,  maximum dose to an individual i n  a neighboring 
community) that was presented in  previous RI:P annual site 
reports is no longer included i n  the DOE approach io 
rxiiation dose assessment. 

Collective population dose is calculated :IS thc average 
tadiation dose to an individual in  a specified   in:;^. muliiplied 
by the number of individuals in  that area. In  assessing the 
1990 collective population dose 10 the public within a radius 
of SO mi of KFP. the assessment was limited IO :tirborne 
eniissions of ridioactive materials from the pl;ult as the major 
contributor to population dose. Only IW(I riiw water 
supplies, Great Western Reservoir and Standlry I ~ k e ,  c;ut 
receive wiler directly fmni  drainages crossing R W ,  and all 
surface water effluent from KFl’ W;IS tlivcrird :Iroclnd lheSK 
wnicr supplies during 1990. Gr(iuiid-pl;inc irr;di;iiioti from 
penetr:iting radidrion found i n  cont;1uIin:itecl soil is an 
insignificant contribution to dose ;it the RFP botuid:rry; soil 
co~icentraiions at nio~t: distani cominuniiy locations would be 
much less. 

Population estim;iies provided by the I>envcr Regional 
Council of Governments (I>KCOG) ;~nd the S t ; m  of 
Colorado were used to Jetermine the IYW popiilntion 
residing within SO tni of H I T .  An ;m:i deliiied by a circle of 
50-tiii radius around the center of KFP W:IS further divided 
into 16 equal sectors. with segmciiis I‘ornied by the 
intersection of the sectors :tnd ii tot;tI of IO r:tdi;il disiances of 
I ,  2, 3. 4, 5. IO, 20, 30, 40. ; I I I ~  SO mi  (See Figure 3-1). 
The population wiiliin each srgiiient for 19x9 was taken 
froni a repin prepared under contr:ict io H I V  ;1nd that used 
estimates of popul;ition p;ittems froin DKCOG and the State 
of Colorado (DOE%M). The 19x9 population estimates then 
wen: reduced by 2 percent, which is the ( I V C T ~ I I  estiiiiac of 
population change from 19x9 to I990 that W:IS developed by 
DKCOG for an eight-county arci tli;it includes the metropili- 
(an Ilrnver and Ilouldcr cornniuniiies. This estimated 

the 19x9 estitli:ites w:is h;ised on preliminary 
S ~ e s  census d:it:i for ilir ;iic:i. I i  i s  rxyecrrd 
iir.itc population cstiiii:ites will tw tleveloprd ;is 

find 19%) Lwisus d:it:t :I% ;iv:iil:ahle : ~ i a l  C;III I>c cv;llu;ited h r  
nwre Itralizrd areas. The estini:ites of I990 segment 

CoNective Population 
Dose 
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Figure 4-1. Demographic Estimates for Areas 0 - 10 and 10 - 50 Miles 
from the RFP 
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populations are given in Figure 4-1. Total population for the 
area within a radius of 50 mi for 1990 was estimated a s  2.2 
million people. 

The EPA atmospheric dispersion/ndiation dose calculation 
computer code, AIRDOS-PC, was used to calculate the 
average radiation dose to an individual within each 
population segment. AIRDOS-PC is the same computer 
code that is used by RFP to demonstrate compliance with 
CAA NESHAPs requirements, as promulgated at 40 CFR 
61; Subpart H (EPA89). Meteorological data that was 
collected for RFP during 1990, as well as measured building 
air effluent radioactivity data and estimates of soil resuspen- 
sion radioactivity. were input into the AIRDOS-PC code. 
EDEs were calculated by AIRDOS-PC to the midpoint of 
each segment's radial distance. These EDEs were used iis 
estimates of the average radiation dose to an individual 
residing within the segment. 

Multiplying the population (number of persons) within a 
segment by the avenge individual dose (in rem or sievens, 
1 Sv = I00 rem) within the segment, results in  a calculated 
collective population dose for each segment in  units of 
person-rem (or person-Sv). The total person-rem for all 
segments is the collective population dose for a distance of 
50 mi around RFP. as presented in Table 4-6 for 1990. The 
collective population dose within 50 mi of RFP was 
calculated as 2 x 1 0 1  person-rem (0.2 person-Sv). Ily Car 
the majority of this collective population dose results from 
estimated contaminated soil resuspension from the 903 Pad 
area of RFP. A very small contribution (7 x IO-3 per- 
son-rem [7 x 10-5 person-Sv)) is attributable to measured 
building air emissions for 1990. Ihe estimated 903 Pad area 
soil resuspension rate is taken from the RFP EIS published 
in 1980 (DOESO). More recent unpublished field studies by 
RFP indicate that this estimated soil resuspension rate is 
likely to be considerably higher than is actually occurring, 
leading to a conservative overestimate of radiation dose to 
the public from this source. The soil resuspension source 
tenn may be modified i n  future RFP annual site reports to 
reflect the more realistic estimates of soil resuspension once 
peer review and publication m completed on the field study 
data. 

Natural Background . 

Radiation Dose 
ED& from RFP may be compared to an average annual EDE 
for the Denver area of about 3.50 mrem (3.5 mSv) from 
natural background radiation (NA87b) (Table 4-7). Natunl 

I35 



Table 4-6 
1990 Calculated Radlatlon Dose to the Publlc 

from 1 Year of Chronlc InlakeExposure from the RFP 

MAXIMUM INDIVIDUAL DOSE: 

All Pathways' 
Measured building ail emissionsb 
Estimated soil resuspensionc 

COLLECTIVE POPULAT~ON DOSE 
TO BO km (50 ml): ' 

Measured building air emissionsb 
Estimated soil resuspensionC 
Total 

ESTIMATED TOTAL POPULATION 
WlTHlN BO km (50 ml):d 

DOE RADIATION PROTECTION 
STANDARDS FOR THE PUBLIC:e 

All Pathways1 
Air Pathway only0 

ESTIMATED ANNUAL NATURAL 
BACKGROUND INDIVIDUAL 

METROPOLITAN AREA: 

ESTIMATED ANNUAL NATURAL 
BACKGROUND C-OLLECTIVE 
POPULATION DOSE WITHIN 
80 km (50 ml): 

RADIATION DOSE FOR rnE DENVER 

5.2 x 101 mrem (5.2 x 103 mSv) Effective Dose Equivalent (EDE) 
4.3 x 105 mrem (4.3 x l o 7  mSv) EDE 
2.1 x 101 mrem (2.1 x 103 mSv) EDE 

7 x t~dperson-rem (3 x 106 person-Sv) EDE 
2 x 101 person-rem (2 x 101 person-Sv) EDE 
2 x 101 person-rem (2 x 101 person-Sv) EDE . 

2.2 x tOe persons 

100 mrem (1 mSv) EDE 
10 mrem (1 x 10-1 mSv) EDE 

350 mrem (3.5 mSv) ED€ 

8 x 10Sperson.rem (8 x t @  person-Sv) EDE 

a. 
b. 
c. 
d. 

e. 

I .  

g. 

Calculated using environmental moniioring input data. 
Calculated using AIRDOS-PC modeling 01 measured building air emissions. 
Calculated using AIRDOS-PC modeling 01 estimated soil resusqnsion lrom the 903 Pad area. 
Based on estimates lrom inlormation provided by the Slate 01 Cobrado and the Denver Regional Council of 
Governments. 
From DOE Order 5400.5. Excludes medical sources. mnsumer products. residual lalloul lrom past nuclear 
accidents and weapons tests. and naturally-occurring radiation sources (DOE90a). 
Based on recommendations 01 the International Commission on Radiological Proteaion (ICRP) and the Nalional 
Council on Radiation Prolection and Measurements (NCRP). 
Based on €PA Clean Air Acl National Emission Standards lor Hazardous Air Pollutants. This standard may be 
applicable Io point sources only. 
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background radiation for Denver is higher than shown for 
the total body i n  RFP annual repons prior to 19x5 and i~lso 
higher than shown for EDE i n  the 198s and 19x6 atinu:iI 
repons. The level reflects the most recent assesstiieiit of 
natunl background radiation exposure of the popul;ilion o f  
the United States by the NCRP. It  includes the signit'icniit 
contribution to EDE from inhaled indoor radon. as well as 
the adoption of the ICRP 30 mclliodology of mdiatioii 
dosimetry. Cosmic radiation and external priii1ordi;il 
nuclides sources shown in Fable 4-7 reIlect the rrgion;il dose 
levels for the Denver area from Denver's higher e1ev:itioti 
and greater concentration of naturally occurring r;idio~ctivr 
materials in soil. The internal primordial nuclides source 
includes the avenge dose from indoor radon estitn:tletl by 
the NCRP for the entire United States. Investigations iirc 
now being conducted to determine whether a n y  region:il 
differences in indoor radon doses exist. Once these studies 
are completed. the estimates of n;iiural background ~idi;ition 
dose for the Denver area may be modified to rellect indoor 
radon doses specific to this region. 

Table 4-7 
Esllmated Annual Nalural Background Radlatlon Dose lor Ihe 

Denver Melropolltan Area 

Ellecllve Dose Equlvslent 
SQUai Lmraml 

Cosmic Radiation 
Cosmogenic Nud ies  
Primordial Nuclides-External 
Primordial Nuclides-Internal 

50 
1 
63 

239 

Total lor One Year (rounded) 353 
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5. QUALITY ASSURANCE AND 
QUALITY CONTROL 

Environmental monitorlng and restoration programs are administered 
by the RFP Environmental Management (EM) Depahent, whkh Is 
organized into six divisions. Each division manager It responsible for 
implementing management controls that achieve quality within hls 
or her organization. Thls section descrlbes the EM Quality Assurance 
Program in detail. 



EN VlRONMENrA 1 
MANAGEMENT (EM) 
QUALITY ASSURANCE 
PROGRAM 
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QUALITY ASSURANCE 
REQUIREMENTS 

Qicality Assurance Requireinenrs (@AH) for Hocky Flurs 
Munugemenr and Openiricw (February 12, 1990) establish 
the quality assurance (QA) requirements for the RFP 
environmental programs. The Rocky Flais QAK incorpo- 
rates and supplenients applicable QA requirenicnts for the 
American National S t a n d d s  Instiiuic/Artiericari Society of 
Mechanical Engineers Nuclear Quality Assurance (ANSI/ 
ASME NQA-I). Quality Assurmce for Nuclear Facilities, 
which is endorsed by DOE Order 5700.61~. “Quality 
Assurance.” The IAG. dated Januiiry 1991, requires DOE, 
KFO to develop a Quality Assurance Project I’lan (QAPjl’) 
that addresses EI’A QA requiremenis established in EPA 
Quality Assurance Manageiiieiit Stiiff (QAMS) 005/80 for 
lhe RFP Environnienlal Restoration I’rogr;iiii :rctivitics. 

During 1990. the EM Departiiient bcgm to develop a 
comprehensive QA program for eiiviroiiiiieiit;il iii;ui;igenieiit 
aciiviiies. This program esi;iblishes policics, requirements. 
and guidelines for ihe effeciive iiii1)Ieiiieiii:ili~ii of regulatory 
requiremenis and is designed to concurreiiily satisfy 
regulatory requirements established by I P A  under provi- 
sions titled “QAMS-0051XO” and DOE Orders 5400.1 and 
5700.68. The focus of the QA program (i.e., to ensure the 
quality of data) is accomplished through consisient nioni- 
toring of sampling procedures. sample ;inalysis. and data 
reduction activities. 

The QA program rrquirements th;it are adliered to during the 
implementaiion of environniciii:il aciivities are described in  
the Quality Assurance l’rogram Description (QAPD) 
(EGYlg) and the RFP Site-Wide QAPjP for the Environ- 
mental Restoration Program (EG9Ie). The QAPD is 
applicable to a11 EM Departiiient eiivironiiicnt:il program 
activities, while ihe QAPjl’ focuses on Environmental 
Restoration Program aciivities required hy the IAG. In  
addition to the QAPD and ihe QAl’jP. ;itliiiinistr;itive and 
operating procedures have been, :ind will continue to be, 
developed to control the impleiiicnt;iiioii of specific admini- 
stmiive ;tnd saiiipling, monitoring, iind analytical activities. 
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Quality Assurance Program The QAPD is structured by the 18 criteria of ANSI/ASME 
Description NQA- 1 .  Each criterion describes requirements for 

controiling those activities and functions that may affect the 
quality of information. The function:il area governed by 
each criterion is briefly described below. 

I .  

2 .  

3.  

4.  

5 .  

6 .  

Organimtinn. Overall coordination is provided by a 
Quality Assurance Program Manager. Implementation 
of the quality assurance program at the division level is 
through individual Quality Coordinators. 

Quality Assurance Program. The QAPD defines 
required actions and responsibilities for ensuring that 
appropriate skills are available and effectively used. 
Education and experience requirements, indoctrination. 
training. and personnel proficiency are documented. 

Design Control. Data from characterization of 
CEKCLA OUs are used to design remediation 
programs and facilities. Quality assurance measures 
;ITe employed during sampling and analysis to ensure 
that data quality objectives are met. 

Procurement Document Control. Procurement 
documents contain criteria to ensure the quality of 
materials. equipment, and services. When appropriate. 
procurenient documents require suppliers to have a 
qu;ility assurance program. Technical and contract 
quality requirements and acceptance criteria :ire identi- 
fied and documented, reviewed for adequacy. and 
revisions controlled to ensure that changes are correct 
and complete. 

Plans, Procedures, and Drawings. Activities af- 
fecting quality :ire controlled and performed in 
accordance with documented plans. procedures, or 
drawings. 

Document Control. Documents that include quality 
requirements or prescribe. activities affecting quality are 
prepared. reviewed. and approved. Only the correct 
documents are available at work stations, and distri- 
bution is controlled. 
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7.  Control of Purchased Items and Service. Pur- 
chasing and receiving of items and services (including 
subcontracts) are controlled by source evaluation, 
selection and inspection, evidence of quality, and 
examination of items or services upon delivery or 
completion. 

8. Identification and  Control of Data, Samples, 
and Items. Data are developed and usedin a manner 
that provides traceability to determine correct use. 
samples -kre identified and controlled consistent with 
their intended use, and only correct and accepted items 
are used. Test methods are specified in the General 
Radiochemistry and Routine Analytical Services 
Protocol and by the standard methods controlled by the 
EPA's Contract Laboratory Program (CLP). 

9. Control of Processes. Methods of controlling 
processes that affect the quality of items and services 
or the validity of data are part of implementing 
procedures and other sections of the QAPD; conse- 
quently, these methods are not identified separately. 

IO.  I n s p e c t i o n .  Engineered, manufactured, and 
constructed items, systems, or components are 
inspected. 

1 I .  Test Control. Conformance of engineered struc- 
tures, systems, and components to specific require- 
ments are verified by controlling tests. 

12. Control of Measuring and  Test Equipment. 
Tools, gauges, instruments, and other measuring and 
test equipment used for collecting environmental data, 
performing tests, or performing inspections, are 
controlled, adjusted. and calibrated at specified periods 
to maintain accuracy within designated limits. 

13. Ilandling, Storage, and  Shipping. Require- 
ments are specified for personnel (including contrac- 
tors and subcontractors) who handle. store, package. 
ship, or receive items that. if damaged, lost, or 
deteriorated, could affect quality. 
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14. Slalus of Inspeclion, Test, and Operations. 
Physical status indicators for items, products, 
structures. systems, or equipment are attached, main- 
tained. and removed. When physical stitus indicators 
are not appropriate. inspection. test, and operations 
status are recorded in documents traceable to the 
specific items. Nonconforming items are identified 
with physical status indicators and documented and. 
when practical, segregated to ensure that those items 
are not inadvertently installed, used. or operated until 
properly dispositioned. 

15. Control of Nonconforniing llenis and Acti- 
vities. Nonconforming items and/or activities are 
identified, documented. ev;iluated, segregated. and 
disposed, and affected parries are notified. A non- 
conformance consists of a deficiency i n  the charac- 
teristics. documentation, or procedure that renders the 
quality of an item or activity unncceptable or indetrr- 
niinate. 

16. Cdrreclive Action. Corrective actions for ;idverse 
qutiliiy conditions we identitieil, documented. relxiried 
and verified. Conditions are adverse to quiility when 
operating limits. specifications, standards, or adniini- 
nuative controls have not ken iiiiplemenred effectively 
and the results could have a significant adverse impact. 

17. Quality Assurance Records. Quality assurance 
words that funiish documenrary evidence of quality i n  
design, construction. operation, decommissioning, and 
environmental restoration of RFP facilities are speci- 
fied. prepared, maintained. and disposed. 

18. Audits and Surveillances. Assurance :iudits and 
surveillances are conducted to detrnnine the adequ;icy. 
effectiveness, and prograin conlpliance of iui opera- 
tion, r;isk, process, or aclivlly. 

HEALTH & SAFETY 
(H&S) LABORATORIES 

'Ib ensure data reliability. the l~lealth and Safety ( I  I&S)  
quality assiir;ince/clu;lIity control phn outlines quality control 
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methods used in all phases of laboratory operations. This 
progrmi includes the following elements: 

* Development, evaluarion. iniprovemrni. modifica- 
tion. md documentation of analytical pmedulrs - Scheduled instrument calibration. control chartiiig. 
and preventive maintenance 

* Participation in interlaboratory quality comparison 
prognms 

* Inwlaboratory quality control programs 

All simple batches analyzed by the H&S Laboratories 
Central Receiving Laboratory contain an average of IO 
percent control samples. Controls consist of ;inalytic:il 
blanks prepared in-house and standards preparrd by the RI'P 
Chemistry Standards Laboratory. An analysis o r  group of 
analyses may be rejected and the sample or  samplrs 
scheduled for reanalysis for one or more of ihe following 
rcasons: 

* Overall chemical recovery of the spike is less than I O  
percent or grater than 10s percent. - Analytical blanks in the analysis b ~ t c l i  ;ire ;ill out of 
acceptable range. A s1;itislical lest is used to reject 
blank outliers. 
Alpha energy spectrum is not :iccept;ible because of 
extri and/or unidentified peaks. excess noise in  
background areas, or poor resolution of pr  
The chemist in charge of the labormry believes the: 
is reason to suspect the analysis. 

Any unusual condition affecting the resulis, noicd either 
during sample collection or itnalysis, is reported to the 
appropriate management oflicials. Table 5- I is ;1 sunini:iry 
of I-l&S Laboratories' participation i n  the RFP Internctive 
Measurrment Evaluation and Control System for 1990. The 
H&S Labordrones participate in the EI'A 1invironmeni:il 
Monitoring Systems Laboratory and the DOE Environlnental 
Measurements Laboratory (EML) Crosscheck Progriims. 
'Fable 5-2 summarizes H&S L:iboratories' pariicipaiion in 
this program. 

* 

- 
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Table 5-1 
Healrh and Safety Laboratorles' lnteractlve Measurement Evaluatlon and Control 

System (January - December 1990) 

a. 

b. 

d. 
C. 

e. 
1. 

AW!& 

Pu.239. 
-240 

Am241 

U-234 

H-3 

Pu-239. 
-240 

Am-241 

U-234 

Be' 

Be 

Pv-239. 
-240 

Mmx 

Waler . 
Speclral 

Waler 
Speclral 

Waler 

Waler 
Sdnlillalion 

EHluenl 
Fillers 

Ellluenl 
Fillers 

Ellluenl 
Fillers 

Enluenl 
Filters 

Workplace 
Fillers 

Ambient 
Filters 

blslml 

Alpha 

Alpha 

&ha 

Liquid 

Alpha 

Alpha 
Speclral 

Alpha 
Speclral 

Atomic 
Absarplion 

Alomic 
Absorplion 

Speclral 

Alpha 
Spectral 

Sample 
Bpnoa 

1.2-35 din@ 

0.7-21 d/d 

3-90 d l d  

5.000-M).000 dlml 

4-120 dld 

3-90 dlmn 

10m dhln 

0.3 -10 pqlb 

0.3.10 pql 

245 dlmn 

Normal 
Sample 
mUl4 

0 3  dhnil 

0 3  dhnil 

030 drmA 

09,990 dlmn 

0 3  dhnn 

04 dimn 

0 3 0  dld 

0-5 PN 

050 drmn 

Annual 
Relallve Tolal 

EIIOI Conlrol 
l3mJll' Baalwru 

-7.33 15 

i1.s 15 

-16.7bd 41 

-5.7 46 

-16 4 5 6 .  

14 6 70 

-14.9 79 

34.6' 99 

-1.9 1119 

-10.4 40 

Ihe mean 01 the raln 01 Ihe 12 mmlh d Herences tmrveen observed and stan& values lo Ihe standard values m percenl 
lhls lem IS inclusive 01 all random and systematic error m the standards mlylical chemistry and measuremen( pmaess 101 
a given nuclide malrii and procedure 
dim4 . disinlqialiom per minule per tiler, d i d  . dantegralms per muMe pel finer. p g .  mlacqrams per liner 
Prlor lo June 1990 mntmk weie rm added lhese reyIIIs represent only lhrr mnllOlS Nn since Ihal llme 
The mlernal tracer used lor uranium IS U 236 The U 234 added lo Ihe wnlrol sample mnlans 2% U 235 by actlvlV The 
eneigies 01 U 235 and U 236 are so close lhey cannot be resolved by apha spamsapy As a resun (he U 234 added lo 
the mmiol sampled bases Ihe rewvery high and Ihe -pie ren i i l  low E l l a  are underway Io use U232 as a llaDel that 
mn elimmale the saurce 01 blas discussed as well as allow quanlilicaliOn 01 U 235 
Analyzed by 881 General Labolalory 
881 Labs slopped blank subliacllon 

I 

i 

- 1  
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Table 5-2 
Health and Salely Laboratorles' Partlclpatlon In the EPA Envlronmental 

Monirorlng Systems Laboratory Crosscheck Prognrm Durlng 1990 

Annual Range of 
Number )(umber of Relalive Rolallve 

eJLcml 
Isotope of Acceptable Error EIIOI 

Gross Alpha Finer Gas Propodional 
Grms Beta Finer Gas Proportional 
ti-3 Water Beta L i i d  SdmiWmn 2 
cs-134 Waler Gamma SpeUral 

Pu-239 Water Alpha spearal 
u (MI.) Water Alpha SpeUral 

a 

b. 

B e n n r t e p w -  bnalylap Baslyzep' e g m o l b  

1.3 to 9.2 2 2 5.2 
2 2 -5.9 -7.2 l o  4.7 

2 4.4 -14.3 l o  1.5 
1 1 -3.0 NOI a p p r d  

2 2 -5.8 6.9 I O  -4.8 
2 1 -20.6 -25.2 10-16.1 

cs-137 Water Gamma Spedral 1 1 1.3 NOI a p p r i  

'Accaplable anabs.  are lhose analyses lor which h e  obsarvd v a h  was within i 3 slandad deviations of ihe standard 
value. 
The mean 01 ihe rdlb 01 Ihe 12-manih dillerences between observed and standad v h  IO standard values h permi. The 
lerm is inclusive 01 an random and syslemalic ermc in h e  slandards. analyiiel chemislry. and measuremenl pmcea la a given 
nuclide. malrix. and procedure. 

GENERA 1 LA BORA TORY 

The Analytical Laboratories Quality Assurance Program 
provides comprehensive guidance IO the General Laboratory 
to ensure data quality. The laboratory organization. 
functions. responsibilities. policies, and programs that com- 
prise the overall quality assurance program are described. 
I iighlights of the program include: 

- Staff qualification and training 
Analytical procedure development. control. and 
compliance 
laboratory records and sample handling protocols - Analytical instrument calibration and maintenance 

* Reagent purity and standardization - Measurement control and data review 
* Self-appraisals and corrective actions 

Detailed quality control for the reliability of analytical data is 
provided in each General Laboratory analytical operating 
procedure. Typically. samples are analyzed in daily batches 
containing approximately 25 percent control samples. 
Control samples consist of various blanks. duplicates. 
standards, and spikes. This batching of samples and 
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CDH77 

CDH78 

CDHEI 

WE80 

DOEX 1 

WE88a 

WE88b 

DOE89 

DOE% 

DOE90b 

DOE% 

DOEW 

DOE9 1 

EG90a 

EG90b 

Colorado Department of Health, State of Colorado, Water Quality Control Division, 
Primary Drinking Il.'arcr Re,qU/ariam Haidhook, Denver, Colo~ldo, effective 
December 15, 1977. 

Colorado Department of Health, Rtrles and Regulariorrr Perraining 10 Radarion 
Conrrol, Pan IV, Denver, Colorado, 1978 (as revised through December 30, 1985). 

Colorado Department of Health. State of Colondo, Water Quality Control Division, 
Colorado Primary Drinking Water Regrilations, Denver, Colorado, effective 
October 30, 1981. 

United States Department of Energy. Environmeiaal Inipacr Srarcnre~ir. Rocky F1ar.r 
PIanr Sire, WEEIS-0064, Washington, D.C., October 1980. 

United States Department of Energy. Order 5480.1 A, Sruiirlarcls/or Radiarioti 
Protecrioii, Chapter XI, Washington. D.C., August 13. 1981. 

United States Department of Energy. Exrcrrwl Dose-Rare Conversion Facrars for 
Calculation of Dose f a  the Picblrc, DOE/EH-0070, Washington. D.C., July 1988 

United States Department of Energy, lnrernal Dose Coilversion Fncrorsfor 
Culculafion of Dose to fhc Pirhlic, DOE/EH-0071, Washington, D.C., Jiily 19x8. 

United States Department of Energy, Assessment of Envirorunenral Codiriom or flie 
Rocky Flars Planr. Golden, Colorado, August 1989. 

United States Department of Energy, Order 5400.5, Radiorim Prorccrion of the 
Public and the Environmenf, Washington, D.C., February 8 .  1990. 

United States D e p m e n t  of Energy, Monrhly Envirownetiral Compliance Acrion 
Report, Golden, Colondo. February through October reports, 1990. 

United States Department of Energy, Quarrer/y Reporr io rhe Secretary of Eiicrgy mi 
Tiger Team Corrective Acfions, Golden, Colorado, September-December 1990. 

United States Department of Energy. 1989 Popirlarion. Economic nnd Lniul Use Dnta 
Base for Rocky Flots Plattr, Rocky Flats Pl;int, Golden. Colorado, August 1990. 

United States Department of Energy, Qfiarrerly Environmcnral Conlpliaiice Acrion 
Report, October-December 1990, Golden, Colorado. January 1991. 

EG&G Rocky Rats, Inc., Draft Geologic Characrerizarioti of rhe Rocky Flats Plaiit. 
Golden, Colorado, January 1990. 

EG&C Rocky Hats, Inc.. Rocky Flars Planr Fiscal Year 1990 Site-Specific Plan, 
Golden, Colorado. February 1990. 
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EG9Ck 

EG90d 

E G 9 k  

EG9Of 

EG9la 

EG9lb 

EG9lc 

EG9ld 

EG9le 

BG91f 

EG9 1 g 

EG9 1 h 

EG9li 

EG9Ij 

EG9lk 

EG&C Rocky Flats, Inc., 1989 Annunl RCRA Groundwarer Moniroring Reporr for 
Reguluted Unirs (11 Rocky Flurs Plum, Golden. Colorado. March 1990. 

EG&G Rocky Flats. Inc.. Correcrive Acrion Plan in Response 10 rhc Airgiisr 1989 
Assessmenr of Eiivironmenral Conditions at (he Rocky Fluis Plu~tr, Golden, 
Colorado. September 1990. 

EG&G Rocky Flats. Inc., Drafi Groundwater Profecrion and Moniroring Plan for rhe 
Rocky Flufs Planr, Golden, Colorado, October 1990. 

EG&G Rocky Flats. Inc., Background Geochemical Clmracrerizurion Reporr for 
1989, Golden. Colorado, December 1990. 

EG&G Rocky Flals, Inc.. Jefferson Counry Remedial Acrion Lands - Atit~irul Reporr, 
Golden, Colorado, January 1991. 

EG&C Rocky Flats, Inc., Rocky Flars Plunr FY93-97 Five-Year Plan. Golden, 
Colorado. January 1991. 

EG&G Rocky Flats, Inc., Rocky Flurs P b n r  Fiscul Year 1991 Sire-spccijc Plan. 
Golden, Colprado. January 1991. 

EG&G Rocky Flats, Inc., DruJi 1989 Surjice LVurer und Sedimenr Geocl~emical 
Cliuracrerizurion Reporr. Golden, Colorado, February 199 I .  

EG&C Rocky Flats, Inc., Drufi Rocky F1ur.s Plunl Sire- Wide Qicnliry Assurunce 
Projecr Plan /c,r CERCLA Xenredial Iiivesri~u~ioiJFcusihiliry S f d i e s  arul RCRA 
Futility Invesri~uriotislCorrecrive Meusrrres Srildics Acriviries, Golden, Colorado, 
February 1991. 

EG&G Rocky Flats, Inc.. Drafr Surface Wurer Munagenienr Plan. Golden, Colorado, 
March 1991. 

EG&G Rocky Flats. Iiic., Drufr EnVi~orUnellid Resroruiion Depurrntenr @lu/iry 
Assuruncc Progrunr Descripriori, Golden, Colorxlo. March 1955 I .  

EG&G Rocky Flats. Inc.. I990 Annuul RCRA Groundwurer Monirnring Reporr for 
Regirlured Unirs (11 Rocky Flurs Planr, Golden, Colorado, March 1991. 

EG&G Rocky Flats. Inc., Pltase 111 RFIIRI Work Plirn. Rocky Flprs Plani, 881 
Hillside Areu, Operable UnirNo. I ,  Golden, Colorado, March 1991. 

EG&G Rocky F h s ,  Inc.. Pliase 11 RFIIRI Work Hun, Rocky Flurs Plaiii, YO3 Pud, 
Mofirrd, arid Easr Trenclfia.s Areus, Operable Unir N(J. 2. Golden. Colorado, 
March 1991. 

EG&G Rocky I:lats. Inc., Rocky Fluis Plourr I h f r  Air Qualir)'Manu.~cntenr Plan, 
Golden, Colorifdo, April I99 I .  
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EPA76a 

EPA76b 

EPA77 

EPA8 1 

EPA84 

EPA85 

EPA87a 

EPA87b 

EPA89 

HA72 

HA83 

IlE85 

IN75 
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United States Envimnmental Protection Agency, "Drinking Water Kegulations. Radio- 
nuclides." Federal Regisrer. 41. No. 133, Washington. D.C., July 9, 1976. 

United Slates Environmental Protection Agency; "Principles," Voluine I. I3'A-fiCW- 
76-005, March 1976; "Ambient Air Specific Methods." Volume I I ,  EPAMW4-77- 
027a; The @ualiry Assurunce Handbook for Air Poll~rrion Meusicreinciir.s Sy.srenis. 
Research Triangle Park. North Carolina. May 1977. 

United Slates Environmental Protection Agency, Prnposed <;uiokincc OII I h r e  Liniirs 
for Persons E X ~ J X C ~  to Trunsuranium Elemenr.s in Gcnerul Eiwirniwnenr, Fe:ederal 
Register Notice, Washington. D.C., October 1977. 

United States Environmental Protection Agency, "Nalion:il I'riinary iiiid Secondary 
Ambient Air Quality Srandads." Uiiirecf Stues C ~ C  o j F e t l e r d  Regiilci~iot~~, 'Title 40. 
Pan SO. Subchapter C. Air Programs. Washington, I>.C.. I9X I .  

United States Environmental Protection Agency, RFgion VIII. NlWliS I'eniiii CO- 
0001333, Aurliorizurinn Io Dischurgc Under rlie Nunonu1 /'o//lcIirnr /h:/IifrgC 
Eliminution Sysrem, Denver, Colorado, December 26. 1984. 

United States Environmental Protection Agency. "National liinissioil Si:intl:irds for 
Radionuclide Emissions from Depaninent of Energy (DOE) l::icilitizs," Unircd Srures 
Code ofFedcrul /?egir/urions, Title 40, Part 61. Subp:in 1-1. W:lshingloil, 1j.C.. 
February 6. 1985. . 

United States Environment;ll Protection Agency, "Revisions to the N;itioii;il Ambient 
Air Quality Srandards for Paniculate Matter," Fcdcrid Regisrer 60. h'o. 126. 
Washington. D.C., July I .  1987. . 

United States Environmental Protection Agency. Environmenro~l Mf~nifnritq uiuf 
Support Laboratory. MtdUldSfor Clienricul Anulysis of IVurer iiiul I\'u.sres, IYA-  
600/4-87-020, Cincinnati, Ohio. 1987. 

United Sums Environmental Protection Agency. "Nation:il I3nissioil StnilJ;uds for 
Emissions of Radionuclides Other than Radon from Ikp:inment of Eiicrgy (I>OE) 
Facilities," Unireil S u m s  C& of Fedcrul Hcgirlurinirs. Title 40. P:in 61, Subp:irt 11, 
Washington, D.C., December 15, 1989. 

Harley. J.H.. Ed., Procetlicrcs Monui~l uiuf Siippleinoirs 1-4 ,  I.le:iltli ;~rit l  Safety 
Laboratory. United States Atomic Energy Cornmission. W;~shingtc)n, D.C., 1972. 

Hach Company. DPD MethndJiJr Clilorine, Lovel;ind, Colorado, 1983. 

Health Physics Society Subcommittee WG 2.5, Per/r,rniuncc Crirericifiw Rurlio- 
hioussuy. draft American National Standards Institute N 13.30. Novzinkr 198.5. 

International Commission on Radiological Protection (ICRI'), Ro./L.rcnce Miw. ICRP 
Publication 23. Pergamon Press, New York, New York. 197.5. 



IN79 

IN86 

KO8 1 

KO83 

KR70 

NA87a 

NAX7b 

1’180 

RI89 

SC82 

UG9O 

US83 

International Commission on Radiological Protection (ICRP), Limits for Intakes of 
Radiortuclides by \\‘orkers, ICRP Publication 30, Parts 1 through 4 (including 
supplements and :iddenda), I’erganion Press, New, York, New York, 1979- 1988. 

International Commission on Radiological Protection (ICRP), The Metabolism of 
P httonium and Reluted Elements, ICRP Publication 48, Pergamon Press, 
New York, New York, 1986. 

Kocher, D.C.. Dose-Rate Conversion Factors for External Exposure to Photont and 
EIecrrons, NUREGKR- 191 8,ORNL/NUREG-79, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, 1981. 

Kocher. D.C., Dose-Rate Conversion Factors for External Exposure to~Plwtons and 
Elecrronr, Ilealth Physics, 45,665,  Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, 1983. 

Krey, P.W., and Hardy, E.P.. Plutonium i n  Soil Around the Rocky Flats Plant, 
United States Atomic Energy Commission Report HASL-235, New York, 
August I .  1970. 

National Council on Radiation Protection and Measurements. Ionizing Rudiation 
E.rposure of the Population of the United States, NCRP Report No. 93, Bethesda, 
M;iryland, September I .  1987. 

National Council on Radiation Protection and Measurements, Exposure of the 
P opirlation in the United States and Canada from Natural Background Radiation, 
NCRP Report No. 94. Bethesda, Maryland, December 30, 1987. 

Pinder, J.E., and Paine. D., “Sources of Variation in Soil Plutonium 
Concentrations,” I-lanson, W.C.. (ed.), Trunruratiic Elements in ihe Environment. 
D O E ~ C - ~ ~ X ( W ) ,  1980. 

Rockwell International. Catulogue of Monitoring Activities at Rocky Flats. Golden, 
Colorado, April 19x9. 

Schleicher & Schuell. Publication No. 500, Innovative Products for Separation 
Science, March 1982. 

Uglund. R.C.. et 31.. Wafer Resources Data for Colorado. \Voter Year 1989, 
Missouri River Btrsin, Arktimas River Batin, and R b  Grail&? Basin, Volume 1, 
USGS-WRIXO-89- I ,  United States Geological Survey, Water Resources Division, 
Lakewood. Colorado, March 1990. 

United States Congrcss. Clean Air Act, Sections 112 and 301(a), as amended in 1983 
(42 USC 7412. 7601a). Washington, D.C.. 1983. 

154 

W182 

Rocky F b t s  Pbnt 
Ste Envir- 

Williams, W.F.. Health, Safety, and Envirorvnental Luboratories Procedures and 
Pracrices Manual, RFP-HS&EL-82. Rockwell International, Rocky Flats Plant. 
Golden, Colorado, 1982. 
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mi 
ml 
mVday 
mVs 
mPh 
mrem 
mredday 
m r e d y r  
dS 
m3/s 
mSv 
mSv/yr 
pCi 
pCi!m2 
pCiml 
PI7 
Pdf 
vpn 
Pdm3 
Pdml 
pCi 
PCik 
p C i  
PPb 
PPm 
Pt 
70 
rem 
r e d y r  

SI 
s v  
Y d3 
Y' 

S 

Mile 
Milliliter 
Milliliter per day 
Milliliter per second 
Mile per hour 
Millimn 
Millirem per day 
Millirem per y e x  
Meter per second 
Cubic meter per second 
Millisievert 
Millisieven per year 
Microcurie 
Microcurie per square meter 
Microcurie per milliliter 
Microgram 
Microgram per filter 
Microgram per liter 
Microgram per cubic ineter 
Microgram per milliliter 
Picocurie 
Picocurie per gram 
Picocurie per liter 
Pan per billion 
Pan per million 
Pint 
Percent 
Roentgen equivalent mail 
Roentgen equivalent man per ycar 
second 
International Srand:ud 
Sieven . 
Cubic yard 
year 

I 60 

Site Rocky Flots Plont 

Chemical Elements and Compounds 
Am Americium 
Ba Barium 
Be Beryllium 
ca Calcium 
C C 4  
CI ' Chlorine 
Cm Curium 
m Carbon Monoxide 

Carbon Tetrachloride 

-- 
co 
Cr 
c s  
Fe 
H-3 
MI3 
Mn 
Mo 
N 
Na 
NO2 
NO3 
0 3  
Pb 
PCB 
PCE 
Pu 
Ru 
Se 
so2 
S0.i 
Sr . 
TCA 
TCE 
Tm 
U 
zn 

Cobolt 
Chromium 
Cesium 
Iron 
Hydrogen-3 (Also cnlled "Tritium") 
Magnesium 
Manganese 
Molybdenum 
Nitrogen 
Sodium 
Nitrogen Dioxide 
Nitrate 
Ozone 
Lead 
Polychlorinated Biphenyls 
Teuachlorqetliene 
Plutonium 
Ruthenium 
Selenium 
Sulfur Dioxide 
Sulfate 
Strontium 
1.1.1 - Trichloroethane 
Trichloroethene 
Thulium 
Uranium 
Zinc 
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ACRONYMS AND INITIALISMS 
AEC 
AIP 
AMAD 
ANSI 
APEN 

ARAR 
ASME 
BAT 
BOD5 
CAA 
CCR 
CDH 

AQCC 

CFR 
CLP 
CMSFS 
CWA 
CWQCC 
DCG 
DMR 
DOE 
DOE-HQ 
DRCOG 
FA 
EDE 
EIS 
EM 
EML 
EPA 
EPCRA 
ERDA 
FD 
FFCA 
FONSl 
FY P 
GI 
H&S 
HEPA 

% 
ICP 
ICRP 
IWIRA 

Atomic Energy Commission 
Agreement In  Principle 
Activity Median Aerodynamic Diameter 
American National Standards Institute 
Air Pollutant Emission Notice 
Air Quality Control Commission 
Applicable or Relevant and Appropriate Requirement 
American Society of Mechanical Engineers 
Best Available Technology 
Biochemical Oxygen Demand, 5 - h ~  incubation period 
Clean Air Act 
Colorado Code of Regulations 
Colorado Depanment of Health 
Council on Environmental Quality 
Comprehensive Environmental Response, Compensation, and Liability Act 
Code of Federal Regulations 
Contract Llboratory Program 
Corrective Measures StudyFeasibility Study 
Clean Water Act 
Colorado Water Quality Control Commission 
Derived Concentration Guide 
Discharge Monitoring Repon 
Department of Energy 
Department of Energy Headquarters 
Denver Regional Council of Governments 
Environmental Assessment 
Effective Dose Equivalent 
Environmental Impact Statement 
Environmental Management 
Environmental Measurements Liboratory 
Environmental Protection Agency 
Emergency Planning and Community Right-to-Know Act 
Energy Research and Development Administration 
Fire Department 
Federal Facilities Compliance Agreement 
Finding of No Significant Impact 
Five-Year Plan 
Gastrointestinal 
Health and Safety 
High Efficiency I’.miculate Air 
Headquarters 
Inter-Agency Agreement 
Inductively Coupled Plasma 
International Commission o n  Radiological Protection 
Interim Measure.dlnterim Remedial Action 



LDR 
LEPC 
LLW 
MAP 
MDA 
MDL 
MSDS 
NAAQS 
NCC 
NCRP 
NEPA 
NESHAP 
NO1 
NOID 
NOV 
NPDES 
NQA 1 
NRC 
ORNL 
OSHA 
ou 
PEIS 
PM-IO 
PRMP EIS 
QA 
$% 

FLl 
QAPD 
QAPjP 

RFI/RI 
RFO 
R FP 
RIPS 
ROD 
SAAM 
SARA 
SARF 
SERC 
SI 

Land Disposal Restrictions 
Local Emergency Planning Committee 
Low-level Waste 
Mitigation Action Plan 
Minimum Detectable Amount 
Minimum Detection Limit 
Material Safety Data Sheet 
National Ambient Air Quality Standards 
NEPA Compliance Committee 
National Council on Radiation Protection and Measurements 
National Environmental Policy Act 
National Emission Standards for I-lazardous Air Pollutants 
Notice of Intent 
Notice of Intent to Deny 
Notice of Violation 
National Pollutant Discharge Elimination System 
Nuclear Quality Assurance 
Nuclear Regulatory Commission 
Oak Ridge National Laboratory 
Occupational Safety and Health Act 
Operable Unit 
Programmatic Environmental Impact Statement 
Parriculate Matter less than IO micrometers in di:imetrr 
Plutonium Recovery Modification Project Environiiictital Iinp;~ct Statement 
Quality Assurance 
Quality Assunance/Quality Control 
Quality Assurance Management Staff 
Quality Assurance Program Description 
Quality Assurance Project Plan 
Quality Assurance Requirenients 
Resource Conservation and Recovery Act 
RCRA Facility Investigntions/Kemulial Investigations 
Rocky Flats Office 
Rocky Flats Plant 
Remedial InvestigationlFacilities Study 
Record of Decision 
Selective Alpha Air Monitor 
Superfund Amendment and Reauihorhtion Act 
Supercompactor and Repackaging Facility 
State Emergency Response Commission 
International Srandard 

SPCC/BMP Spill Prevention Control and Countrrnieasures/Uest M:inagenieiil 
Practices 

SSP Site-Specific Plan 
STP Sewage Treatment Plant 
su  Standard Units 
SWMU Solid Waste Management Unit 
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TCLP 
IDS 
TtD 
TRU 
TSCA 
TS P 
USGS 
VOC 
WSRlC 

R o c k y  FlOtS Plant 
for 1990 

Toxic Constituent Ixaching Procedure 
Total Dissolved Solid 
niermoluminescenl Dosimeter 
Transuranic 
Toxic Substances Convol,Act 
Total Suspended Paniculotes 
United States Geological Survey 
Volatile Organic Compound 
Waste Swam and Residue Identification iind Chlvactrri7~tion 
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GLOSSARY 

activity. See radioactivity. 

air pollutant. Any fume, smoke, paniculate matter, vapor. gas, or combination thereof 
that is emitted into or otherwise enters the atmosphere. including, but not limited to, any 
physical. chemical, biological, radioactive (including source material, special nuclear 
material, and by-product materials) substance, or material, but does not include water vapor 
or steam condensate. 

aliquot. Of, pertaining to, or designating an exact divisor or factor of a quantity, 
especially of an integer. 

alpha particle. A positively charged particle emitted from the nucleus of an atom having 
the same charge and mass as that of a helium nucleus (2 protons, 2 neuuons). 

atom. Smallest particle of an element capable of entering into a chemical reaction 

beta particle. A negatively charged particle emitted from the nucleus of an atom having a 
mass and charge equal to that of an electron. 

concentration. The amount of a specified substance or amount of radioactivity in a given 
volume or mass. 

contamination. The deposition of unwanted radioactive or hazardous material on the 
surfaces of structures, areas, objects, or personnel. 

cosmic radiation. Radiation of many types with very high energies, originating outside 
the e m h s  atmosphere. Cosmic radiation is one source contributing to natural background 
radiation. 

curie (Ci). The traditional unit for measurement of radioactivity based on the rate of 
radioactive disintegration. One curie is defined as 3.7 X lOl0 (37 billion) disintegrations 
per second. Several fractions and multiples of the curie are in  comnion usage: 

millicurie (mCi). 10-3 Ci, one-thousandth of a curie; 3.7 x IO7 disintegrations 
per second. 

microcurie (pCi). 10-6 Ci, one-millionth of a curie; 3.7 x 104 disintegrations 
per second. 

nanocurie (nCi). 10-9 Ci, one-billionth of a curie; 37 disintegrations per second. 

picocurie (pCi). 10-12 Ci, one-trillionth of a curie; 3.7 x 10-2 disintegrations per 
second. 
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ferntocurie (fCi). 10.15 Ci, one-quadrillionth of a curie; 3.7 x 10-5  
disintegrations per second. 

attocurie (aCi). 10-18 Ci. one-quintillionth of a curie; 3.7 x 10-8 disintegrations 
per second. 

decay, radioactive. The spontaneous transformation of one radionuclide into a different 
radioactive or nonradioactive nuclide, or into a different energy state of the sanie 
radionuclide. 

Derived Concentration Guide (DCG). Secondary radioactivity in air and water 
concentration guides used for comparison to measured radioactivity concentrations. 
Calculation of DCG assumes that the exposed individual inhales 8,403 cubic meters of air 
per year or ingests 730 liters of water per year at the specified nidioactivity DCG with a 
resulting radiation dose of 0.1 rem (100 mrem) effective dose equivalent. 

disintegration, nuclear. A spontaneous nuclear iransformation (radioactivity) 
characterized by the emission of energy andor mass from the nucleus of an atom. 

dose, absorbed. The amount of energy deposited by radialion in a given mass of 
material. The unit of absorbed dose is the rad or the gray ( I  gray = I (X) rad). 

dose commitment. The total radiation dose projected to be received from :in exposure to 
radiation or inrake of radioactive material throughout the specified remaining lifetime of an 
individual: In theoreti.cal calculations, this specified lifetime is usu;illy assumed to be SO 
yrs. 

dose equivalent. A modification to absorbed dose that expresses ihe biological effects 
of all types of radiation (e.g., alpha, beta. gamma) on ;I common scale. The unit of dose 
equivalent is the rem or the sieven ( I  sieven = 100 rem). 

ephemeral. Lasting for a brief period of time; short-lived, transitory. 

exposure. A measure of the ionization produced iii air by X-ray or g;inini;i + riidiation. 
The special unit of exposure is the roentgen (R). 

friable. Readily crumbled; brittle. 

gamma ray. High-energy, short-wavelength electromagnetic cidiation emitted from ihe 
nucleus of an atom. Gamma radiation frequently accompanies the emission of alpha or beta 
panicles. Gamma rays are identical to X-rays except for the source of the emission. 

half-life, radioactive. The time required for a given aniount of a radionuclide to lose 
half of its activity by radioactive decay. Each radionuclide Iias a unique half-life. 

isotopes. Forms of an element having the same number of protons in their nuclei and 
differing in the number of neuirons. 

-. 
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minimum detectable concenlration (h1I)C). The smallest amount or concentration 
of a radioelement that can be distinguished in a sample by a given iiieasurenient system i n  a 
preselected counting time at a given confidence level. 

natural radiation. Radiation arising from cosmic sources and from naiurally occurring 
radionuclides (such as radon) present in the human environment. 

outfall. The place where a storm sewer or effluent line discharges to the environment 

part per billion (ppb). Concentration unit approximately equivnlent to microgr:inis per 
liter. 

part per million (ppni). Concentration uni t  approximately equivalent to niilligr;irns per 
liter. 

pathway. Potential route for exposure to radioactive or hazardous ni:iterinls 

person-rem. The traditiond unit of collective dose to a popuhtion group. l i x  ex;iinple. 
a dose of 1 rem to IO individuals results in a collective dose of 10 person-rrm. 

quality factor. The factor by which the absorbed dose (in rad o r  gray) is multiplied to 
obtain the dose equivalent (in rem or sieven). The dose equivalent is a uni t  th:it expresses. 
on a common scale for ;dl ionizing radiation, the biological dnni;ige to exposed persons. It 
is used because sonie types of radiation. such as alpha pxticles, are more hiologic:rlly 
damaging than others. 

rad. A traditional unit of absorbed dose. The International System of Units (SI) ui i i t  of 
absorbed dose is the gray ( I  gray = I 0 0  rads). 

radioactivity. The spontaneous emission of radiation, generally alpli:~ o r  beta particles, 
often accompanied by gamma rays. from the unstable nucleus of an atom. 

radionuclide. An atom having an unstable ratio of neutrons to protons s o  that i t  will teiid 
toward stability by undergoing radioactive decay. A radioactive nuclide. 

rem. The traditional uni t  of dose equivalent. Dose equivalent is frequently reponed in  
units of millirem (mrem), which is one-thousandth of a rem. The Iiiternation;il System of 
Units (SI) unit of dose equivalent is the sieven (I sieven = I 0 0  rem). 

roentgen (R). The tradiiional uni t  of exposure to X-ray or gamma radi:ition based on the 
ionization in  air caused by the rxdkition. One rwntgen is equal io 2.58 X 10.4 coulombs 
per kilogmm of air. A common expwssion of radiation exposure is the milliliwnigen (IR 
= 1000 niR). 

sievert (Sv). International System of Units (SI) unit for radiation dose ( I  Sv = 100 
rem). 
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thermoluminescent dosimeter (TLD). A device used to mc:isure external sources 
(Le., outside the body) of penetrating radiation such as X-rays o r  gamma rays. 

uncontrolled area. Any area to which access is not controlled for the purpose of 
protecting individuals from exposure to radiation and radioactive materials. The area 
beyond the boundary of the RFP is an uncontrolled area. 

worldwide fallout. Radioactive debris frnm atmospheric weapons testing that is either 
airborne and cycling around the eanh or has been deposited on the earth's surface. 
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required for a material to reach this stable state is dependent 
on a material's radioactive half-life. Half-life is the amount 
of time required for one-half of the atoms of a radioactive 
material to experience radioactive decay. Half-life is unique 
and unchanging for each specific radionuclide. Half-lives 
for different radionuclides may vary from seconds to billions 
of years. 

The biological effect of ionizing radiation is called radiation 
dose. The radiation can be from a penetrating radiation 
source located outside of the body (external radiation) or 
from radioactive materials taken into the body (internal 
radiation). I n  the United States, radiation dose is measured 
in the un i t  called the rem or millirem (1 rem = 1,000 
millirem). The comparable International Skindard (SI) unit 
of radiation dose is the sievert ( I  Sv = 100 rem). A rem is a 
unit of biological dose that expresses biological damage on a 
common scale. The effective dose equivalent (EDE) is a 
means of calculating radiation dose. EDE takes into account 
the total health risk estimated for cancer mortality and serious 
genetic defects from radiation exposure regardless of which 
body tissues receive the dose or the sources or types of 
ionizing radiation producing the dose. 

Radiation Dose 

SOURCES OF 
RADIATION 

Natural Sources 

All living things are exposed to naturally occurring ionizing 
radiation. However. since the discovery of radiation and 
radioactive materials at the beginning of this century, we can 
significantly increase the amount of radiation we ;LIP. exposed 
to through use of artificially produced or enhanced sources 
of radiation. 

Naturally occurring sources are the greatest contributor to 
radiation exposures for the people living in  the United 
States. Sources of natural background radiation include 
cosmic radiation from space and secondary radioactive 
materials (cosmogenic nuclides) created when cosmic ndia- 
tion enters our atmosphere. Another source is naturally 
occurring radioactive materials originating from the earth's 
crust, referred to as primordial nuclides. These materials 
may contribute to radiation exposure when located outside 
the body or when taken into the body through inhalation or 
ingestion. Radon, for example, a radioactive gas derived 
from uranium, is an important contributor to internal radia- 
tion exposure as a result of inhalation inside buildings. 

I Rocky Flots Plont 
Site Environmenfalort for 19GQ 

Different living situations can result in more or less exposure 
to naturally occurring ionizing radiation. Cosmic radiation 
exposure can increase as altitude increases because less 
atmosphere exists to shield against the radiation. Some 
geographical areas have higher concentrations of primordial 
nuclides such as uranium and thorium. Because the Denver 
area is located at a relatively high altitude and also has higher 
concentrations of uranium and thorium in  rocks and soil, 
naturally occurring radiation levels are higher than those in 
many other regions in the country. 

Medical Sources 

Annual, naturally occumng EDE to a typical resident of the 
Denver metropolitan area is given in Section 4.0. The total 
for this area, based on current published reports, is about 
350 mrem/yr. This estimate may increase IS the Denver 
regional difference in  indoor radon concentration is 
determined. By comparison. the estimated total average 
EDE for a member of the United States population from 
natural sources is about 300 mrem/yr. 

Ionizing radiation is used in medicine for diagnosis and 
treatment of many medical conditions. This radiation can be 
produced by equipment such as X-ray machines or linear 
accelerators, or it can originate from radioactive materials 
incorporated into pharmaceuticals. Medical diagnosis and 
kattnent account for the largest radiation doses to the United 
States public from artificially produced sources of radiation. 
The average EDE to a member of the United States 
population from medical sources is about 50 mremlyr. 
However, individual doses from this source vary widely, 
with some people receiving little or none and others 
receiving much more than the average in any particular year. 

Consumer Products 
Sources 

Some consumer products, including tobacco. smoke 
detectors, and television sets, have ionizing radiation 
associated with them. Consumer products are the second 
largest contibutor to radiation dose to the United States 
population from artificially produced or enhanced sources. 
The radiation may or may not be intentional and necessary 
for the functioning of the product. Ionization smoke 
detectors and X-ray baggage inspection systems at airports 
require ionizing radiation to perform their functions. 
Tobacco products, fuels such as coal, and television 
receivers have radiation associated with them even though it 
is not necessary for their use. 
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Other Sources Naturally occurring, medical, and consumer product sources 
contribute over 99 percent of the average radiation dose that 
a person living in the United States receives each year 
(Figure A-I). Other sources include occupational expo- 
sures, residual fallout from past atmospheric weapons 
testing, the nuclear fuel cycle, and miscellaneous sources. 
Combined, these. other sources conmbute less than I percent 
of the average radiation dose. to a person living in the United 
States. 

-_______ ---_I_I 

SYNTHETIC 10% 

Consuiiier Products 3% 
Nuclear Medicine 4°/uAv8 

Figure A-1. Contribution of Various Sources lo the Total Average 
Radiation Dose to the United States Population 
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RFP environmental monitoring programs evaluate plant 
compliance with applicable guides, limits, and standards. 
Guide values and standards for radionuclides in  ambient air 
and waterborne effluents have been adopted by the 
Department of Energy (DOE). the Colondo Department of 
Health (CDH). the Colorado Water Quality Control 
Commission (CWQCC) (water only), and by the Environ- 
mental Protection Agency (EPA) (for the air pathway only) 
(CDH78, EPA85). Many of these guides are based on 
recommendations published by the International Commis- 
sion on Radiological Protection (ICRP) and the National 
Council on Radiation Protection and Measurements 
(NCRP). 

AIR STANDARDS 

Ambknt Air 

Air effluent limits are established under the Clean Air Act 
NESHAPs. Limits for radiation dose from radioactivity 
emissions are promulgated by EPA and are listed in Table 
B-1 (see "Air Pathway Only"). Nonradioactive (but other- 
wise hazardous) materials emissions are regulated by the 
State of Colorado under Colorado Air Quality Control 
Regulation #8. Regarding hazardous air pollutants at RFP, 
this regulation sets a limit for beryllium of 10 g per 
stationary source in a 24-hr period. 

Ambient air data for nonradioactive particulates have been 
collected historically at RFP for comparison to criteria 
pollutants listed under the EPA NAAQs established by the 
Clean Air Act (EPAII) (Table B-2). Instrumentation and 
methodology follow requirements established by the EPA in  
the Quality Assurance Handbook for Air Pollution Mcas- 
urement Systems (EPA76b). 

Ambient air data for radioactive particulates are compared 
with Derived Concentration Guides (DCGs) given in  Table 
8-3. A further explanation of DCG is given in the Radio- 
logical Dose Standards section. 

WATER STANDARDS 

me DCGs for surface water effluents are given in  Table 
B-3. A further explanation of DCG standards is given i n  the 
Radiological Dose Standards section. 
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Table B-1 
DO€ Radiation Protectlon Standards lor the Public 

ICRP-RECOMMENDED STANDARDS FOR ALL PATHWAYS: 

Temporary l n c r e a  , SM mrmfyear Ettenive Dose Equivalent 
(with pria approval 01 DOE EH.2) 

Normal Operations tW mremfyear Ellxiive Dose Equivalent 

€PA CLEAN AIR ACT NESHAP STANDARDS FOR THE AIR PATHWAY ONLY: 

10 mremfyear Ellmive Dose Equiualen! 

Table 8-2 
National Ambient Air Qualily Standards (NAAQS) for Particulates 

v CPncentratlpn 
PM-IO: Annual Arithmetic Mean 

24-hi Average& 

TSP? Annual Geometric Mean 
24.hour Average 

a 
b. 

Not to be exceeded more than once per year. 
TSP no longer used lor determining a r m p l i  with NAAQS. Sampling and repaiing mntinues la 
armparison purposes and general interest. 

Table B-3 
DOE Derived Concenlralion Guides for Radionuclldes of Interest at RFP 

Alr: 
Radlonucllde llLxAwU 
Ptbixun 239. -240 20 x 1015 

Radloncsllde ltxu!mu 
Plutonium.239. -240 
Ameriium.241 
Uranium-233, -234 
Uranium-238 
Hydropen-3 (Tritium) 

3ox 109 
3ox 109 
500 x 10.9 
Mx) x 10.0 
2.m.000 x 10.9 
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National Pollution Discharge Eliniination Sysiciii 
(NPDES). The NPDES pennit sets limits for nonrndiruc- 
rive pol~utanrs in eftluent wilier from federal facilities (Table 
8-4). The KFP NPDES pennit. which h e  EI’A reissticd to 
DOE i n  1984 and adminisiratively exrcndrd in  l9X9, 
establishes effluent limitations for seven discharge points 
from which Ponds A-3, A-4, U-5. and C-2 discharge into 
drainages leading off of R I T  property. 

Colorado Water Quality Control Coniniission Wa- 
ter Quality Standards. Kesegnieni;itio~~ of Big Dry 
Creek and revised use classifications and w:wr qiiality 
standads for Woman Creek and Walnut Creek tribuinries to 
Slandley Lake and G ~ a 1  Westem Reservoir b e c i u n e  effective 
on March 30. 1990. 17iis action by [he CWQCC zst;iblislied 
goal stream standards for Segnirtit 5 of Big Dry Creek 
(tributaries from source to ponds A-3. 13-5. i i n d  C-2) ;ind 
final s t r r u n  standards for Segnient 4 of Big Dry Creek (from 

Surface Water Effluent 

Table 8-4 
NPDES Dlscharge Limilallons lor Ihe RFPa 

Monthly Weekly 
AYarMk Braraos 

Eiiluent Water Samples 
(Nonradloacllve} 

Ntrales as N IOmtyl 

Biochemical Oxygen Demand. 50ay 
Suspended Solids 30 m@ 
Total Chromium 0.05 mgn 
Residud Chlorine NA 
Oil and Grease NA 
Fecal Colilorm . No1100 ml 200 

PH 

Yo% 
T O M  Phosphorus 

6.09.0 SU 
p4” 
NA 
45 mgn 
NA 
NA 
NA 
400 

Dally 
!Adnull 

NA 
12mgfi 
25 mgn 
NA 
0.1 mgrl 
0.5 mgrl 
Visual 
NA 

a These limitalions are presenled as indicatas ot the types ot paramelerr and assodad curtcentralion limils required by 
Ihe NPDES permit. Details 01 these requirements specilic 10 each discharge l w l i o n  are given in the referenced 
dowment (€PAM). The daily and monthly limitations indicated canm be currebled with the annual wale1 quality data 
summarized in the text. 
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pond outlets to Standley Lake and Great Western Reservoir). 
Limits were set for organic and inorganic chemicals, metals 
radionuclides, and certain physical and biological parameters 
(Tables B-5 through 8-7). 

Goal standards differ from final stream standards i n  that the 
term “goal” is a qualifier indicating that sufficient data did not 
exist at the time of the CWQCC hearing to establish Segment 
5 standards. Therefore, a temporary modification based on 
existing ambient quality was established unt i l  data for 
Segment 5 can be collected. Goal is u,sed to indicate that a 
temporary modification for one or more of the underlying 
numeric standards has been granted. The CWQCC allowed 3 
years for the collection of data; this 3-year period will 
conclude in  February 1993. On the basis of this data, the 
CWQCC will establish new standards for Segment 5, which 
may or may not be the same as Segment 4 standards. Goal 
standards will be reviewed against the classified stream use 
designated in 1990. 

In 1976, the EPA promulgated regulations for radionuclides 
in drinking water (EPA76a). These regulations were effective 
on June 24, 1977, along with primary drinking water 
regulations for microbiological, chemical, and physical 
contaminants. The intent of the Safe Drinking Water Act was 
to ensure that each state has primary responsibility for 
maintaining drinking water quality. To comply with these 
requirments, the CDH modified existing state drinking 
water standards to include radionuclides (CDH77. 
CD1181). Two of the community drinking water standards 
are of interest in this repon. The state standard for gross 
alpha activity (including radium-226 but excluding radon and 
uranium) in community water systems is a maximum of 
15 pCiA or 15 x 10.9 pCiml (5.6 x 10-1 Bqfl). Americium 
and plutonium, which are alpha-emitting radionuclides, are 
included in this limit. The limit for tritium in drinking water is 
20,000 pCi/l or 20,000 x 10-9pCi/mI (740 Bq/l). 

Drinking Water 

SOILS STANDARDS 

The standard for plutonium adopted by CDH in 1973 is 2.0 
disintegrations per minute per gram (dpmlg) (0.9 pCi/g) for a 
soil density of I gram per square centimeter (g)xf2) for soils 
sampled to a depth of 0.318 cm (1/8 in.) (CDH73). 
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Table 8-5 
Colorado Water Ouallty Control Commlsslon (CWQCC) 

Water Ouallty Stream Standards 
Effectlve Date - March 30, 1990 

Goal Slandards. Segment 5 01 Big Creek - 
P h y a  and Biological 

Inorganic 

Melak 

a Table Value Slandard 

earamplpr 
Diked Oxygen 

!La1 Coliforms 
Ammotlia 

(AM”), 
(Chmnlc) 

Chlorine 
Cyanide 
Sullale as H y d e n  Sulfde 
Nniie 
Nitrate 
Chloride 
Sullale 
Boron 

Arsenic. 
cadmi  
Chmmium 111 
Chromium VI 
Copper Iron (Disdved) 

Iron (Total Recovery) 
Lead 
Manganese (Disdved) 
Manganese (Tolal Recovery) 
Mercury 
Nfkd 
Selenium 
Silver 
zinc 

- 
5.0 

6.5 - 9.0 
2000/1 00 

0.62/Ft/FPHR 
0.06 

,003 
.WS 
,002 
1 .o 
10.0 

250.0 
250.0 

.75 

.05 
TVS‘ 
.05 

TVS 
TVS 

3 
1 .o 

TVS 
.OS 
1.00 
.01 

TVS 
.01 
TVS 
TVS 
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Table B-6 
CWQCC Water Ouallty Stream Standards - Organlc Chemlcal Standards. (pglt) 

earamatar 
Actylonilrile 
Aldrin 
Atrazine 
B e d i n e  
Chlordane 
Chlorolorm 
Chloroelhyl Elher BIS 
OD1 

€PA Chronlc Car Chromatography (GC) 

625 0.058 1 s  
508 O.OwO74 0.1 
608 (91507 (0 3.0 1 .o 
625 o.wO12 1 0' 
508 0.00016 0.1 
502.2 0.19 1 .o 
625 0.0000037 1 0' 
508 O.OwO24 0.1 

u stpnpprp v 

hchbroberuidine 
Dieldrin 
Dioxin (2. 3. 7, &lTCDD) 
Halomethanes 
Heptachlor 
Hexachloroelhane 
Hexachlorobenzene 
Hexachlorobuladiene 
Hexachlorocyclohexane. Alpha 
Hexachlorocyclohexane. Bela 
Hexachlorocyclohexane. Gamma (linddne) 
Hexachlorocyclohexane. Technical 
Nflrosodbutylamine N 
Nilrosodielhybmine N 
NilrosodimeUlylamine N 
Nilrosdphenyhine N 
Nhrosopynolidme N 
PCBS 
Pdynudear Aromalic Hydrocarbons 
sknarin, 
Tdrachloroelhane 1. 1. 2, 2 
Telrachloroelhane 
Triiloroelhane 1, 1,2 
Tkhbmphenol 2 . 4 , 6  

625 
508 
613 
502.2 
508 
525 
525 
525 
505 
505 
505 
505608 
607 
607 
607 
607 
625 
508 
610 
€08 (by507 (C) 

502.2 
502.2 
502.2 
502.2 

0.01 
0 . W 7 1  
0.00M)oOO13 
0.19 
0.00028 
1.9 
0.00072 
0.45 
0.0092 
0.0163 
0.0186 
0.0123 
0.0064 
O.wO8 
0.0014 
4.9 
0.016 
0.000079 
0.0020 
4.0 
0.17 
0.8 
0.6 
12 

1 0' 
0.1 
0.01 
1 .o 
0.1 
1 .o 
1 .o 
I .o 
0.1 
0.1 
0. I 
0.5 
5 
5 
5 
10 
lo '  
1 .o 
1 .o 
1 D 
1 .o 
1 .o 
I .o 
1 .o 

a In lhe absence 01 specilic. numeric standards lor Mnmlurally occxming organia. (he nanalive standard 'IDI loxin 
in toxic amounts. (Sadion 3.2.22 [I]  [a) shan be inerptelsd as zero rmh enlorcamenl based on Ihe prulical 
quanlilicalion levels (WLs) lor lhme compounds as delied by the Waler Qualiiy Control Division or Ihe US. 
Environmental Proledion Agency. 

. 

b. Exlraclion Melhod. 
c. Analylical Melhod. 
* Gas ChromalcgraphylMass Spedromelry Method. 

Rocky Flots Plont 
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Table 8-7 
CWOCC Water Ouaflry Stream Standards - Radlonuclldese 

The radionuclides listed below shall be maintained at the bwest practical level and in 
TY) case shall they be increased by any cause attrilable to municipal, industrial, or 
agricultural practices lo exceed the site-specilk numeric standards 

A. Amblsnl based sllo-sp0clllc slandardr: 

Segment 3 Segmenl 4 Segmenl 4 
Segment 2 . Great Segmenl Woman 5 Segmenl Walnul S 
Standley Western 
Laks EQwY9JI w w 

Gross Apha 
GVXS Beta 
RJlorjum 
Ameridum 
Tdium 
Uranium 

6 
9 
.03 
.03 

500 
3 

5 
12 
.03 
.03 

500 
4 

7 
5 

.05 

.05 
500 

5 

I1  
19 

.05 

.os 
500 

10 

8. Other alle-apeclllc atandard8 appllcable lo sogmenb 2. 3, 4 and 5 

Curium 
Naptunium 

244 60 
237 30 

a Stalewide slandards ako apply lor radionudiles nd I&ed abcve. Valuer lisled are in pCul. 

The EPA has nor established a standard for plulonium 
concentration but has proposed B screening level of 44.4 
dpm/g (19.98 p C i g )  for a soil density of I g/ci112 for  soils 
sampled IO a depth of 1 cm (0.394 in.) (lil'A77). 

RA DlOLOGlCA L DOSE 
STANDARDS 

On February 8, 1990, DOE :idopted DOE Order 5400.5, 
Radiufion Proreciioti of the Public rrtiil rlie Et~virotin~etif, a 
radiation protecrion standard for DOE environmental 
activities (DOE90a). This standard incorporates guidance 
from the ICRP, as well as from the EPA Cle;in Air Act 
(CAA) NESI-IAP standards (as implemented in 40 CFR 61, 
Subpart ti). Included in DOE Order 5400.5 is a revision of 
rhe dose limits for members of [lie public. .l'nbles of radia- 
tion dose conversion lactors currenlly used for c;ilculating 
dose from intakes of radioactive riixerkils were issued in 
July 1988 (DOEXXa, DOEXXb). 'l'he close 1:.lctors arr based 
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on the ICRP Publications 30 and 4R methodology and 
biologic;il models for radiation dosimetry. The DOE Order 
S4(M).5 and the dose conversion factor tables are used for 
assessment of any potential RFP contribution to public 
radiation dose. On December IS, 1989, EPA published 
revised CAA NESHAP standards for DOE facilities 
(EPAXY). DOE radiation standards for protection of the 
public are given in this Appendix and include the December 
15, 1989. EPA CAA air pathway standards. \ 

DOE Derived 
Concentration Guides 

Secondary radioactivity concentration guides can be 
calculated from the primary radiation dose standards and 
used as comparison values for measured radioactivity 
concentrations. DOE provides tables of these DCGs in DOE 
Order S400.S. DCGs are the concentrations that  would 
result in  an EDE of 100 mrem from I year’s chronic 
exposure or intake. In calculating air inhalation DCGs, DOE 
assumes that the exposed individual inhales 8,400 cubic 
meters of air at the calculated DCG during the year. 
Ingestion DCGs assume a water intake of 730 liters at the 
calculated DCG for the year. Table 8-3  on page IRO lists the 
most restrictive a i r  and water DCGs for the principal 
radionuclides of interest at the RFP. 

Plutonium Concentrations. Plutonium concentrations 
at RFP represent the alpha radioactivity from plutonium-239 
and -240. These constitute over 97 percent of the alpha 
radioactivity in plutonium used at the plant. 

Uranium Concentrations. Uranium concentrations are 
the cumulative alpha activity from uranium-233. -234, and 
-238. Components containing fully enriched uranium are 
used at the RFP. Depleted uranium metal is fabricated and 
also is used as a prtress waste material. Uranium-235 is the 
major isotope by weight (93 percent) i n  fully enriched 
uranium; however, uranium-234 accounts for approximately 
97 percent of the alpha activity of fully enriched uranium. In 
depleted uranium, the combined alpha activity from uranium- 
234 and -238 accounts for approximately 99 percent of the 
total alpha activity. uranium DCGs used i n  this report for 

. air and water are those for uranium-233, -234, and -238, 
which are the most resuictive. 

Environmental uranium concentrations can be measured by 
v.uious laboratory techniques. Nonradiological techniques 
yield concentration units of mass per uni t  volume such as 
niilligr:im per cubic meter and milligram per liter. Uranium 
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concentrations given in  this report were derived by 
measuring radioactivity from alpha-emitting uranium iso- 
topes and are expressed in  terms of activity units per unit 
volume. RFP data include measurements of depleted 
uranium, fully enriched uranium, and natural uranium. 

Conversion factors for specific types of uranium can be used 
to compare the data in  this report to data from other facilities 
and agencies that are given in units of mass per unit volume; 
however. the resulting approximations will not have the 
same assurance of accuracy as that of the original measured 
values. Uranium in effluent air from plant buildings is 
primarily depleted uranium. I’he conversion factor for these 
data is 2.6 x 106 g/Ci. Natural uranium is the predominant 
species found in water. The conversion factor for water data 
is J.5 x 106 g/Ci. 

, 
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Table C-1 
Wind Frequency Distribution by Percent In 1990, Stability Class A4b.c.d 

Wind Speed Classes (Knots) 

W 1 Z p W ~ l g . h l L Q ~  rn !wS' W' 
N 5.2 2.1 0 0 0 0 7.34 .18 
NNE 7.3 3.7 
NE 8.7 3.8 
ENE 7.0 3.8 
E 14.2 5.8 
ESE 7.6 3.3 
SE 7.4 2.1 
SSE 3.7 .6 

2.9 .6 S 
SSW 1.7 .O 
sw .4 .4 
wsw .9 .o 

.6 .1 W 
WNW .9 1 
NW 1.6 .4 
NNW 2.3 .5 

All 72.5 27.5 

0 
.O 
.O 
.O 
.O 

0 
0 
.O 
.O 

.O 

0 
.O 
0 
.O 
0 
0 
.O 
0 
0 
.O 

.O 

.O 0 11.01 

.O 0 12.54 
0 0 10.86 
.O 0 20.03 
.O 0 11.01 
.O 0 9.48 
0 0 4.28 
0 0 3.52 
0 0 1 .Ea 
0 0 .76 
.O 0 .92 
.O 0 .76 
0 .O 1.07 
0 .O 1.99 
0 .O 2.75 

0 .o 1w.w 

a 
b. 

c. 
d. 
e. 
1. 

Measurements laken at lhe 1Orneler level lrom the 61meter meteorological rncaaorii lower. 
The percentage 01 calm muirences horn this stability dass was = 24.1 percent. Calms are speeds 
s 0 9 mh (1.75 knds). 
Tdal number 01 invalid and valid observahns in this stability dass were 1 and 81 I ,  respedively. 
Calms are distrbuted as p r  NCDC Star Deck procadures. 
Total percent Iw this stability class. 
Told percent relative to aU stabilly classes. 

Percon1 occurrent. 

15 

I 
20 

20 Wind b d  (Knots) 

I 

190 

c 

.27 

.31 

.26 

.49 

.27 

.23 

.10 

.09 

.04 

.02 I 

.02 

.02 

.03 

.05 

.07 

2.44 

15 

10 

5 
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W W E  NE WE E E Y  SE S Y  I P W  W R W  1 W IIV WW 

Wind Direcimn 

Figure C-1 Stability Class A 
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Table C-2 
Wlnd Frequency Dlstrlbutlon by Percent In 1990. St8blllty Class B*.b.c.d 

I Wlnd Speed Classes (Knots) 

rn 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
s 
ssw 
SW 
wsw 
W 
WNW 
NW 
NNW 

15 3 9  2 0 0 0 5 62 07 
2 8  5 7  5 0 0 0 8 89 12 
3 2  120 0 0 0 0 15 24 20 -. 
3.8 9.3 0 .O 0 0 13.13 .17 
4.0 15.9 0 0 .O 0 19.92 .26 
4.3 10.9 2 .O D .O 15.46 .20 
2.9 3.6 .2 0 0 .O 6.79 .09 

5 2.3 0 0 0 .O 271 .04 
1.7 .7 .2 .O 4 0 2.57 .03 
1.0 1.1 .O 0 .O .O 211 .03 
.5 2 .2 .O 0 .O .93 .01 
7 0 0 0 0 0 .70 .01 
.7 0 .2 .O .O .O .93 .01 
.7 2 .5 0 .O .O 1.39 .02 
.5 7 .O .O D 0 1.17 .02 
.7 1.1 .S .O 0 .O 2.33 .03 

All 29 6 67.6 2.7 .O 0 .o 1w.w 1.32 

a 
b 

c 
d 
e 
I 

Measuremenls laken al Ihe I O  meler level ham the 61 meter meleordogical monitoring lower 
Tne permnlage 01 calm occunenws limn this stabldy dass was - 3 2  percem Calms a e  speeds 
s 0 9 m & ( t  75kmts) 
Tdal number 01 w a l d  and valid cbservaliom in Ihs s(abildy &s were 0 and 441. respeaively 
Calms are distribuled as per NCDC Slar Deck pmcedures 

TUal percent lor this slabilq dasr 
Total permnl relalive to all slabilly classes 

percent 0ccurr.nc. 
25 
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Wlnd Dlracllon 

Figure C-2 Slablllly Class B 
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Site EnvironmenfolReoort Rocky Flats for Plant 1990 

Table C-3 
Wlnd Frequency Dlstrlbutlon by Percent In 1990, Stabltlty Class C=.b.c.d 

Wlnd Speed Classes (Knols) 

WId s3.J ~ W O ~ l . L Q d L Q ~  !am* 
N 
FPJE 
NE 
WE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
NNW 

.a 4.0 
1.6 9.0 
1.4 , 10.4 
2.1 9.1 
2.1 13.3 
1.7 10.3 
2.1 0.7 
1.2 3.0 
.6 2.1 
.6 .9 
1 .6 
.4 .3 
2 .6 
.6 .5 
.9 1.7 
.9 2.0 

.6 

.7 

.7 

.3 

.3 

.4 

.4 
2 
2 
.3 
.3 
.3 
.3 
1 
.7 
.3 

.O .O .O 

.O 0 .O 
0 D .O 
.O 0 .O 
.O D .O 
1 .O 0 
1 0 .O 
.O 0 .O 
.O .O 0 
.O .O .O 
0 0 0 
.O .O .O 
0 D 0 
1 0 0 
.O .O .O 
0 0 0 

5.43 
11 .9  
12.48 
11.51 
15.70 
12.57 
11.9 
4.28 
2.85 
1.78 
.97 
.89 

1.15 
1.25 
3.28 
3.20 

All 172 76.4 6.1 3 0 .o lw.w 

a Measurements laken al the l0meler level horn the 61.meler me lmmbi i  monitoring tower. 
b. 

c. 

The -lap 01 calm occunenc8s horn lhk stabildy das was - 2.6 & a m .  Calmcare speeds 
sO.9mh(1.75knols). 
Total number 01 invalid and v&d &mns in Ib  SaMIv dass were 0 and 1151. lestadivetv. 

d. 
e. 
1. 

Calms are distrbuled as per NCDC Slar Dedc pmcadures.’ 
Total p e m l  lor this Sabildy das. 
Total percem relalive to all stabiMy dasses 

P.rc.nt (Xcurrenc. 

. 1S.7 Wlnd Spod (Knots) 16 

N NNE NE EWE E ESE SE S E  S SSW SWWSW W WNWNW NNW 

W M  O k t l m  

Figure C-3 Slablllly Class C 

Iplal’f 

.19 
3 9  
.A3 
.40 
.54 
.43 
3 9 .  
.15 
.10 
.06 
.03 
.03 
.04 
.04 
.11 
.11 

3.46 
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AaEmc. wmsm- 
Table C-4 

Wlnd Frequency Dlstrlbullon by Percent In 1990, Stablllty Class D..b.c.d 

Wlnd Speed Classes (Knots) 

rylnp U&?P Wf 

N .7 2.1 3.1 2.1 .4 .3 9.32 4.65 
UM 8 2.3 2.6 1.4 1 0 7.15 3.57 
NE .7 1.9 1 5 .4 .o .o 4.54 2.27 
ENE .6 1.2 .8 1 .o .o 2.75 1.37 
E 6 1.6 .7 0 '2.94 1.47 .o .o 
ESE .5 1.8 1.9 1 D .o 4.28 2.14 
SE 5 2.5 3.6 B .o .o 7.44 3.71 
SSE .6 2.0 2.5 II 1 .O 6.15 3.07 
S .5 1.3 1.1 1 .o 1 .O 4.08 2.04 
ssw .4 9 .7 8 1 .o ' 2.85 1.42 
sw .4 fi .7 1.1 2 .o 2.94 1.47 
wsw 3 .6 .6 2.6 .7 .4 5.15 2.57 
W .6 5 .8 3.2 1.9 2.7 9.12 4.06 
WNW .5 .7 12 5.9 3.5 3.6 15.27 7.63 
NW .6 1 .o 1.6 4.3 1 2  .4 9.09 4.54 
NNW .5 1.2 2.1 2.2 3 .o 6.33 3.16 
All 8.9 22.2 25.3 27.6 8.5 7.5 Ioo.00 49.94 

a 
b. 

c. 
d. 
e. 
1. 

Measurements taken at the 1O-meler level hom the 61-meter meteudogical monamng lover. 
The permnlage 01 calm oa1lrrencas Imn this stability dars was - 3.0 percent. Calms are speedr 
~ 0 . 9 m / s ( l . 7 5 h t S ) .  
TMd number 01 invalid and vald observalions in this stabilay cbss were 18 and 16.619, respectively 
Calms are dslriixled as per NCCC Star De& procadures. 
Tdal permnl loc lhis stabilily dass. 
Tdd percent relative Io all slabilily dassas. 

P.rcmt (kcunnc. 

1 6  

14  

1 2  

Wind Sped (Knols) 

q3.0 

3.0- 6.0 a 
6.0-d0.0 u 
10.0. 16.0 L] 
16.0. - 21.0 

.21.0 0 

15.4 

li. 
7.4 

E l 6  

N NNE NE ENE E E Y  SE SSE S SSW SW WSW W WNWNW NNW 

Whd hdh 

Figur. C-4 Slsbilily Class D 194 



Rocky Flots Plonf 
Site € F o r t  for lB2 

Table C-5 
Wlnd Frequency Dlstrlbullon by Percent In 1990, Stablllly Class Ea.b.C.d 

Wind Speed Classes (Knots) 

ylllnp rzp ~ ~ 0 1 o . 0 . . 1 5 . 0 ~ ~  !&w Intal' 
N .8 2.2 3.2 0 0 .O 6.17 1.85 
NNE .8 2.2 2.4 .O .O .O 5.42 I .62 
NE .7 1.9 12 .O .O 0 3.74 1.12 
€NE .7 12 4 0 .O .O 2.33 .70 _ _  
E .7 .8 .3 .O .O .o ' 1.79 .54 

SE .5 1.5 1.4 .O .O .O 3.49 1.05 ' 
SSE .7 1.4 I .9 .O .O .O 3.90 1.17 
S .9 1 .8 4.4 0 0 .O 7.04 211 

ESE . .3 1 .o 8 0 0 0 2.10 .63 

ssw 
sw 
w sw 
W 
WNW 
NW 
NNW 

.8 

.7 
9 
.9 
1.1 
1.1 
1.1 

1.7 
1.6 
1.7 
2.4 
2.4 
2.6 
2.4 

4.5 
7.1 
8.4 
5.2 
5.5 
6.8 
5.1 

.O 
0 
0 
0 
0 
.O 
.O 

.O 
0 
0 
.O 
0 
.O 
0 

.o 

.O 

.O 
0 
.O 
0 
.O 

7.02 
9.47 
11.09 
8.45 
8.93 
(0.45 
8.64 

211 
2.84 
3.32 
2.53 
2.68 
3.13 
2.59 

Au 12.8 28.8 58.4 0 .O .O 1W.W 29.99 

a 
b. 

c. 
d. 
e. 
1. 

Measwmenls laken a! the lhe ler  level lrom the 61-melec rnaeorologieal moniloring lower. 
The peicenlage 01 calm OccumeIICBs horn lhis stalilily dass was - 2.6 percant. Calms are speeds 

Told numbec 01 invalid and valid C ~ S N ~ ~ ~ I I S  in lhii sl&ily dass ware 7 and 9.978. respectively. 
Calms am distributed as per NCDC Sta~ Deck pmcedwm. 
Told percent lor this slaMly dass. 
Told percard relalive to all stabilily dassm. 

0.9 rnk (1.75 M s ) .  

N NNE NE ENE E ESE SE SSE 5 S W  SW WSW W WNW NW NNW 

Wind Direction 

Figure C-5 Sinbiiily Class E 
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Table C-6 
Wlnd Frequency Dlstrlbutlon by Percent In 1990, Stablllty Class Fa.b.c.d 

w 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW' 
sw 
wsw 
W 
WNW 
NW 
NNW 

All 

S U  

7 
.4 
2 
2 
.2 
1 
.3 

1.1 
1.4 
1.5 
1.6 
1 .9 
2.0 
1 .8 
1.4 
.7 

155 

Wlnd Speed Classes (Knots) 

L Q L s L Q 5 . J A . o A w  uLo.dLQm 
3 6  0 0 0 0 
18 0 0 0 0 
8 0 0 0 0 
6 0 0 0 0 
6 0 0 0 0 
6 0 0 0 0 

2.0 0 .O 4 .O 
4.3 0 0 0 0 
7.0 0 0 0 0 
7.8 0 0 0 0 
7.9 .O 0 0 0 

103 0 .O 0 .O 
13.1 .O .O .O .O 
I t 3  0 .O 0 .O 
7 9  0 0 0 0 
4 8  0 0 0 0 

84 5 0 0 0 0 

W' 
4.33 
2.25 
1 .ffi 
.79 
.a2 
.77 

2.30 
5.36 
8.43 
9.30 
9.49 

12.16 
15.08 
13.08 
9.34 
5 44 

10000 

a 
b. 

C. 
d. 
e. 

Measuremenls laken al Ihe l h m t e r  level hom Ib 6lmeler metwrological monloring lower. 
The percentage 01 Calm ocwnences lrom this slabilly c k s  was - 2.8 percsnl. Calms are speeds 
5 0.9 mk (1.75 knds). 
Tdal n u m b  01 invalid and v d i  &sewaions in ihk slabilly daa were 2 and 4.160. respedively. 
Clams are distributed as per NCCC Slat Deck pmcedures. 
Total peicent lor this siabilily class. 
1014 percent relalive lo all stabilly cbsses. 1. 

1 

u 

P.rccnl occurronca I Wind S p e d  (Knots) I 
16 3.0 eB I5 I 

14 I 3  1 

12 

i o  
8 

6 

4 

2 

0 

Letel' 
.54 
.28 
.13 
.io 
.io 
.09 
.29 
.67 

1.16 
1.19 
1.52 
1.89 
I .a 
1.17 
.68 

12.50 

1k 

N NNE NE ENE E ESE SE SSE 5 SSW SW WSW W WNW NW NNW 

Wind DIr.cIlon 

Flgure C-6 SLllbllity Class F 
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Rocky Nots Plant 
Site -ReDort for 199L) 

Table C-7 
Wlnd Frequency Dlsrrlbuflon by Percent In 1990, Sfablllly Class A/ /  0 . c . d  

Wlnd Speed Classes (Knots) 

E 
ESE 
SE 
SSE 

W 
WNW 
NW 
NNW 

An 

i L P ~ L Q d r L c ! ~ ~  r2tp ctu3.X' u t  

.9 2.4 2.5 1 .I 2 2 7.51 7.48 
.O 628 6.25 1.0 2.5 2.0 .7 .O 
.O 4.48 4.46 .9 2.3 1.1 2 .O 

.9 1.6 .5 0 .O 0 3.02 301 
.O 3.42 3.40 .4 .O .O 1.0 1.9 

.7 1.8 12 1 .O .O 3.19 3.71 
4 0 .O 5.78 5.76 .7 2.4 2.2 

.O 5.22 5.20 .8 21 1s J 1 
.8 2.2 1.9 .5 .O .O 5.44 5.42 
.7 2.0 1.7 J .O .O 4.U 4.82 
.6 1.8 2.5 .5 1 .O 5.58 5.56 
.7 2.1 2.8 1.3 3 2 7.51 7 48 .. . 
.8 2.6 2.0 1.6 9 1.4 9.38 9.34 

1.8 1.8 12.07 12.03 
.6 2 9.05 9.02 
1 .O 6.66 . 6.64 

13.0 34.6 30.5 13.8 4.2 3.8 1oO.W 99.65 

B 2.5 2.2 3.0 
11 2.4 2.8 2.1 
.8 2.0 2.6 1.1 

hcnt ( k c w m .  

14 

12 
11.1 

I 1  

N NNE NE ENE E ESE SE 55E S SSW SW WSW W WNW NW NNW 

Whd Dirtbn 

Figure C.7 SPblllry Clear.  Ail 
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ANALYTICAL PROCEDURES 
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Rocky NOIS Pfonf 
Site 

HEALTH AND SAFETY 
(HBrS) LABORATORIES 

H&S Laboratories routinely perfonii the following ;innlyses 
on environmental ;ind effluent simples: 

I .  
2. 
3. 
4 .  

5 .  
6 .  
7. 
8 .  

Total Air Filter Counting (Plutoniuni specific ;iIph:i) 
Gas Proponional Counting (Gross ;ilph:i ;itid gross Ixta) 
Gamma Speclr.~l Analysis 
Alpha Spectral Analysis (l’liitoiiiittii-2~~, -238; Aiiieri- 
cium-241; Uranium-23X. -233. -234) 
Beta Liquid Scintillation (Tritium) 
N,N-Diniethyl-p-phrnylenedi;iiIiiiie (1)I’D) (Chlorine) 
Atomic Absorption (Berylliutn) 
Millipore Filwtion Method (Fecal ;ind ‘l’otal Colif!m) 

Procedures for these analyses ;ire descrihcd i n  the l/eir/r/t criul 
Safety Luhorororics Procetlrrrrs ir i i t l  1’riicrice.s M o i i d  
(W182). The prccedures for h;icteri;i ;ind chloriile analyses 
were developed following I T A  guiJelines. Soil procedures 
were developed following speci1ic;itions sct fonli i n  Alcitsiirc- 
meitts of Rarfiniilrc/ides bt rlic Eiiviroiinwiir, S ~ r i ~ i p l i ~ i . ~  r i d  
Anolysis of Pluroniirm iit S d ,  N uclc;ir I<cgiil;itory Coin- 
mission (NKC) Kegulatory Guide 4.5. All new procedures 
and changes to existing procedures niiist he thoroughly 
tested, documented, and approved in writing by the tiiati:iger 
of H&S Laboratories before being implriiiented. 13tiviron- 
mental Management (EM) is notified of ;my mijor cli;inges 
that could affect analytical results. All procedures ;ire 
reviewed annually (or at any time ; i n  ;inalytic;il probleiii is 
suspected) for consistency with st;tte-of-tlie-;in tcchtiiques. 
Copies of all procedutw are kept on file i n  the oflice ol the 
matrager of t l&S Laboratories. 

Samples received for air filter screening ;ire countc.d ;it 
approximately 24 hrs and then 4X hrs after collcction. 
Samples exceeding specified limits are recounted. If the rot:il 
long-lived alpha concentraioti for a screened lilter e~cceds 
specified action limits. the filter is directed to indiyidu;il 
specific isotope analysis andlor follow-up investig:ition to 
determine the cause and any needed corrective action. 

. Analytical Procedures 

All water s;iniples, exccpt those schediiled for t r i t i um 
analysis. are poured into I-liter M:lrinelli cont:iiiiers ;ind 
sealed before delivery to the g:in~ti~;t counting m ; i .  Routine 
water samples are counted lor ;ipproxitn;iiely 12 hrs. 
Samples requiring a lower detection l i i i i i t  ;ire counted froni 
I6 to 72 hrs. 
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Soil s;iniples scheduled for g m m a  spectral analysis are 
dried, sieved through a IO-mesh sieve, weighed, and the 
fine portion is ball-milled. The fine portion is then placed i n  
a 500-milliliter (ml) Marinelli container and counted for at 
least 16 hrs. 

All  samples scheduled for alpha spectral analysis are 
analyzed in  a similar mariner regardless of matrix. Before 
dissolution, a known quantity of nonindigenous radioactive 
tracer is added to each sample. l'he tracer is used to 
determine the chemical recovery for the analysis. Tracers 
used include plutonium-236. plutoniuin-242, uranium-232. 
ur:inium-236, americium-243. and curium-244. The type 
and activity level of the tncer used depends on the type and 
projected activity level of the sample to be analyzed. All 
refractory or intractable actinides are dissolved by vigorous 
acid treatment using both oxidizing and complexing acids. 
After samples are dissolved, the radioisotopes of concern 
are separated from each other and from the matrix material 
by various solvent extraction mid ion exchange techniques. 
l'he purified radioisotopes are electro-deposited onto stain- 

.tee1 discs. These discs are alpha counted for 12 hrs. I f  
a lower minimum detection limit is required, samples may be 
counted from 72 to 168 hrs, depending on the specific 
sensitivity requirement. Samples that exhibit a chemical 
recovery of less than I O  percent or greater than I I O  percent 
arc automatically scheduled for reanalysis. 

Tritium analyses are routinely performed on specified 
environmental water samples. as well a s  on stack effluent 
s;iniples. Ten nil of the samples are conibined with IO nil of 
liquid scintillation fluid. Environnicnt;il and airborne 
eflluent samples cue generally counted f i x  120 min. 

GENkRAL LABORATORY 
The General Laboratory routinely performs the following 
;in;ilyses for environmental monitoring of plant effluent 
stre:inis, process wastes, and soil residues: 

I .  Metallic elenients including tests for 19 cations by 
inductively coupled plasma spectroscopic techniques and 
I7 elements by atomic absorption spectroscopy 
techniques (including beryllium in airborne effluent 
saniple filters). 

' 
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Rocky Flots Plant 
Site E n v i r o n r n e v  

2.  Oxygen demand tests on w;iter including totd organic 
carbon. dissolved oxygen. chrmicd oxygen demand. 
carbonaceous biological oxygen deiiimiil, ; i d  biological 
oxygen demand ( M a y  incubation). 

3. Nutrient tests including free aiiinioni:i, ortho :ind total 
phosphate phosphorus, nitrite. and nitrate aiiioiis. 

4. Physical tests. including p l  I. conductivity. color, total 
dissolved solids, suspended solids, tot:iI solids. non- 
volatile suspended solids, turbidity, and spcif ic gravity. 

5. Soap midues (as alkyl sulfonate). 

6. O i l  and grease residues. by extfiicticiii and infrared 01 

grwimetric detection. and by visu;il observ:i[ion. . 
7. Specific cliciiiical property or clrnicnt including total 

hardness (as calcium carbon;ilc), :ilk;ilinily (;IS hydrOX- 
ide, bicarbon;w. or carbonate), chloride, fluoride. 
cyanide, S U I P ~ ~ K ,  and Iiexav;ilen[ chroiiiiuni. 

8. Radioactive species including gross ; i lph:i  ;~nd bela by 
g;is proportional detection; tritium by liqiiitl scintill;itioii 
detection; total radiostrontiuiii by grilviiiietric separation 
followed by gas proporlioniil deteclioil. Istilopes of 
plutonium. americiuni, and uraniuiii ;ire iletcrinined by 
ion exchange and liquid extrnction trchniques followed 
by alpha pulse height analysis. 

9.  Volatile and semivol;itile compounds frorii the EPA 
Contract Laboratory 1’rngr;iiii (CI.1’) ’1’;irget Analyre L is t  
are analyzed by gas chr~)m:itcigr;ipliy/iii;iss spectrometry. 
I’henols also are analyzed using spectropliotometry. 
Polychlorinated biphenyl conipounds ;ire :iiialyzed by 
gas chmmatogr;iphy. 

IO. l’ox ic Cons t i t  l ie l i t  Ix;icli ing Procedure (TCLI’) 
extractable nirtnls mid orgnnics for coiiipli3nce to land 
ban restrictions. 

Proceilures for ~ ~ K S K  ;iii;ilyses, ilevelopeil by the G ~ ~ i e r a l  
I-aboratoiy analylic;il technical staff, wcrx ;iilopted from EI’A- 
approved sources or From oilier rrcognized mit1iorit:itive 
publications where l3’A-;ipprovcil prc)ccilures were not 
avail;ible. Labotxory opcr:itioiis proceilurrs :in: ilocuincnted 
in a stantlad Iiinnat. approved by [he i i imiger ot’ the Rocky 
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Flats Analytical Laboratories, and distributed to a controlled 
distribution list to ensure that proper testing and approval is 
performed before changes are adopted. The Analytical 
Laboratories Quality Assurailce Program requires annual 
review of procedures for consistency with state-of-the-art 
techniques and compliance of laboratory practice with 
written procedures. In addition. a review is performed 
whenever an analytical problem is indicated. 

Water samples to be tested for chemical and physical 
parameters are preserved and/or refrigerated, when required. 
The tests performed include gravimetric, titrametric, calori- 
metric, chromatographic, or electroanalytical methods, 
following procedures specified in the seventeenth edition of 
Standard Methods for the Examination of Water and IVUS~C 
Water, Methods for C/iemicul Analysis of Water and 
Wastes, EPA-SW846, or other authoritative publications. 

All water samples analyzed for radioactive materials, except 
those scheduled for tritium analysis, are acidified immediate- 
ly upon collection. 

Liquid samples received for gross alpha and beta screening 
are evaporated, and the residue is electroplated on planchets 
for gas proportiond counting. When activities exceed action 
guidelines, notification is made, and reanalysis and/or 
investigxion may be required. 

Tritium is measured using liquid scintillation counting. 
Counting efficiency is deterniined using a separxely 
prepared vial IO which is added a known standard tritium 
activity. 

Analytical Procedures I 

Strontium is radiochemically separated from the sample 
matrix using precipitation techniques. Strontium is deposited 
on planchets with a carrier element, and the activity in  the 
sample is quantified using beta gas proportional counting. 

For some liquids such as machine oils, a specified volume is 
evaporated, ashed, and the salt residue is taken up in  nitric 
acid for deposition onto the counting planchet. A correction 
Pactor is determined for each sample to account for self- 
absorption effects. 

Water samples to be analyzed for metal ions are preserved 
with nitric acid and are digested before being nnalyzed by 
atomic absorption or inductively coupled plasma (ICP) 
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Rocky Flols Plont 
Site E- l s z u m r l m  

methods. Organic toxic species ;ire dclcr in i i icd by Gas 
Chroniatogr~pIilMass Spectroiiietry/l):it:i Systeins following 
EPA protocol for vol;ilile organics mid seinivol:ltilc org;inics. 
Some organics, such 3s pl~enol,  ;ire delcr i i i i i iet l  by 
developing achroniaplioric coinplcs ; ind nie:isuring l ight 
absorption at n specific w;ivclciigtl~ wi th :I s~icciro~)lioiuii ic- 
ier. Measuring occurs after c s t r x t i o n  into :III :ippropriate 
solvent phase. 

DETECTION LIMITS AND 
ERROR TERM 
PROPAGA TlON 

Radioactivity Parameters I I~a11l i  :nid S:ifeiy IAbor;ilories Ii:ivc ; id~q i~ed  ilic fo l lowing 
delinit ion kirtlctcction l imit. ;IS giveti by I I:idcy (fIA72): 

111 I , lie siii;illcst ; i i i ioui i l  of s:iiiipIc aciivi ly i isi i ig ;I givcii 

(i.e.. cIicniic:il procedure ;ind 
<I ;I iici cow11 i o r  \ r l i ich i l icrc i s  
cterii i i i icd I c r c l  t h i  ; ici ivi iy i s  

present." 

'I'lic minimtini delcci:ible ;inioun1 (MDA) i s  1111: icri i i  used IO 

describe ilie detecrion liiiiii :~nd i s  dcfinci l  ;IS the sni:~llcsi 
amount of an  nn:ilyzcd material i n  :I s:~inplc 1 h t  w i l l  hc  
detected wi th  a "b" probabil ity of iioii-detection (Type II 
error), whi le ncccpting an  ";I" proh:il)ility of erroneously 
detecting 11i:it in;itcrial i n  :in ;ippr(i~iri;i~c bl;ink s:~~npIc ('fypc I 
error). 111 h e  foniiul:irion bclow, holli (I :1nd 13 :ire q ~ i l  IO 

0.05. 

Based o n  11ie a p p r u c l i  presented iii h i t  A N S I  Si:iiiil:ird 
N 13.30, Per/r,rt,urtice Crircriof;.)r N d i r r h i o ~  
fomiul;itioii of the MDA for T;idio;ictiw :iii;iI 

MI)A = 4.65 St, + 2.7 l/('l'~li,Y) 
3V 

where S R  = standard dcvi;it ioii of IIIC popul:i i ioi i of 
;ipprcipriiite bl:inli values (disintcgrxtioils Ixr miiiiitc. i V m )  

l's = s;iinplc corn iinic (iiiiiiiiics! 111) 

Es = :ibsolutc dctccticiii c f l i c i c i i q  of [lie s:iinplc dctccior 

Y = chcinic;il wcovcry Tor 1111: s:iiiiplc 



:I = conversion factor (disintegrations per minute per uni t  
activity) 

(a = 2.22 disintegrations per minute per picocurie [dlm/pCiI 
when MDA is in units of pCi, and a =  2.22 x 106 
disintegrations per minute per microcuries [d/m/pCiI when 
MDA is in units of pCi) 

V = sample volume or weight (V=l if the MDA per sample 
is desired) 

Nonradiooctivity 
Parameters 

The major component of the MDA equation is the variability 
of the blanks. 

Table D-l shows the various formulas used for alpha data 
reduction during 1990. Table D-2 shows the typical MDA 
values for the various analyses performed by the H&S 
Laboratories. These values are based on the avenge sample 
volume, typical detector efficiency, detector background, 
count time, and chemical recovery. MDA values calculated 
for individual analyses may vary significantly depending on 
actual sample volume, chemical recovery, and analytical 
blank used. 

For nonradioactivity parameters, various means are used to 
estimate a minimum detection limit (MDL) depending on the 
parameter measured. MDL is defined as the minimum 
concentration of a substance that  can be measured and 
reported with 99 percent confidence that the analyte con- 
centration is greater than zero and is determined from 
analysis of a sample in a given matrix containing the analyte. 
The MDL for beryllium in effluent air, analyzed using 
flamcless atomic absorption spectroscopy, is based on a 
sample blank absorbance reading. Total chromium i n  
efflucnt water samples undergoes a fourfold concentration of 
the received sample prior to its analysis using flame atomic 
absorption spectroscopy. Its approximate MDL is based on 
a net sample absorbance reading of 0.010. 

The parameters of nitrate as N. total phosphorous, 
suspended solids, oil and grease, and total organic carbon 
have MDLs determined by procedural methods found in  
EPA-600, Civirorunental Monitoring and Supporr Lohorato- 
ry, Metliorls for Chemical Analysis of Wurer and Wastes 
(EPA87b). Biochemical oxygen demand and pH have 
MDLs determined by the minimal readout capability of the 
instrumentation that is used. The MDL for residual chlorine 
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Table D-1 
Formulas lor Actlv/ly and Uncenalnry Calculallons lor the 

Alpha spectral Analysls Systems 

IR 

'Sample uncertabdy k the popagated standard deam d sample a d M y  using counhg statiili~. 

Nan-blank mnecled xiivdy at hborataiy reagent blank la isdope i exprsned as pixcuries (pCi) per una volume. 
Noebhnk rmeded unmnsinty 01 bbardory reagatd blank elpressed as pCi per unil volume. 
Sample e d N i  br isdcp i ergressed as pCi per und vdume. 
Sample edivay unenainty erprened as pCi p ma vobnne. 
Ebnk mneded sample aclivdy la iso(0pa i elpressed as pCi per unit vdume. 
E h h  armed sample unceminty e r p d  as pCi pi urd volume. 
Adiviy ($m) 01 internal standard isd~pe i added lo sampla. 
Sanpla gmss camts tor isdope i. 
Sample g r m  m n l s  lor inlernal standard &ape j. 
Daleda backgrwd g r w  muds lor isotcpe i. 
Deteda background gross murps la internal standard isdope j. 
sample cuunl time expessed in mlwtes. 
Lkieaor background mud time expssed in minutes. 
Sample unil !&mea sm@ unil wei$d. 



Ynlmum 
Deleclable AcUvlly 

l!umM!U lllQumm 

Plulonium-239.-240 1.6 x 107pci 

Uranium.238 3.4 x 107pd 
Arneiium-241 I .o 107pci 

Alrborne Flnuenls 

Uranium234 4.6 x 10'pC 

Trilium (H-3) 2.1 x lOapCi 
BeryOium 2.5 x W p C i  

A d l e n t  A b  Samples 
PIulonium-?39:240 7.2 x 1OapCi 

FMluent Water S m p l r a  (Radlorcthv) 
Plulmium-239.-240 8.2 x 108pCi 

Uranium-234 
Uranium238 
Ameriium.241 

5.0 x 107rnCi 

8.9 x 10SpCi 
1.51  107pci 

Trilium (H.3) 2.1 x 106pCi 

Sol1 Sampler (Redlosctlvej 0.03 pCl/gr 

EMuenf Wafer Sampler [Nonradlosctlve) 
DH 
Niiates as N 

Biochemical Orygen 

Suspended Sdid 
Tdal Chromium 
Resaual Chlorine 
011 and Grease 
Fecal Colilwm Count 
Tolal Organic Carbon 

Told PhoSQhoNS 

Demand. 5.Gay 

e 
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Site 

is detennined by the procedure found i n  ii puhlic;ition by 
I-lach Company. Df'D Merhodjiw c/i/orim (I-IAX3). For 
fecal coliform count, M D L  is c;~lculatetl ;IS 4.65 times the 
standard deviation of the blank valiie froin the millipore 
filter. 

. 

REPORTING OF 
MINIMUM 
DETECTABLE 
CONCENTRA TlON 
AND ERROR TERMS 

Plutonium. uranium, oniericiuni. tritium. iind Oerylliuni 
inensured concentrations :ire given i n  this report. M o s t  d' 
the nieasured concentrations arc ;it or vcry ne;w b;ickgrouiid 
levels. and often illere is little or no ;iitioimt of these 
inateriiils in tlie media being ;iii:ilyzed. Wlicii this wcws. 
the  results of the laboratory analyses c:iii hc expected to 
show P statistical distribution of positi\ 
numbers iie:ir zero and nuillhers ih:it ;I 

calculated miniinurn detect:ible concentration Tor the 
analyses. The laboratory ;tn:ilytical bI;~nLs. used to ciirrect 
for background contributions to the ttic;isiireiiicnis. show a ' 

similar statistical disiribuiion ;iround heir :ivcr;ige v;~It~es. 
Negative sample vnlties restilt whcn tlie tne;isiirctl v;iliie for 
a laboratory analytical blank is subtrxtcd I'roni a saiiiple 
analytical result that is smaller than the :iii:iIyticaI blank 
value. Results that are less th;iii c;iIcuI:itcd m i n i n i u n i  
detectable levels indicate t t u t  the results :ire below the level 
of statistical confidence in  the actual nuinerical values. All 
reported results - including negative values and values that 
are less than minimum detec1;ibIe levels - are includcd iii 
any arithmetic c:ilculations on the dai;i set. Reporting a11 
values allows a11 of rhe d w  to 
ate statistical ueatiiient. This ;I 
in the analyses. allows better e 
trends i n  environinental d:itx, and helps iii estiniating the 
true sensitivity of the nie:isureiiieiit process. 

. 

-- The reader should use cxition i n  interpreiing individu:il 
values that are iiegxive or less than iiiiniinuiii detectable 
levels. A negative value h:is no physical signific;ince. 
Values less than minimuin detect:ible levels kick sutistical 
confidence as to what tlie actu;il wniher is. ;ilthough i t  is 
known with high confidence tha t  i t  is helow the specilied 
detection level. Such values should not be interpreted :IS 
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MS. Peg Hmper 
U.S. Environmental Protecoon AOency 
Superfund Remrds Center 
999 lain Street. Suite 500 
Denver. Colorado 60202-2405 

Mr. Gary Baughman 
Colorado Depanment 01 Health 
m o m  351 
4210 Easl 11th Avenue 
Denver. Colorado 85220 

MS. E.E. Dee Bordner 
FOi and Privacy Branch 
AD234.1. lG-05lIFORS 
US. Department of Energy HO 
1000 Independence Awe. S.W. 
Washinpton. DC 20585 

Ms. Ginger Swan2 
Rocky Flats Environmental Mooitorlng Council 
1536 Cole Boulevard. Suile 325 
Building 4. Denver West Ollice Park 
Golden, Colorado 80401 

MS. Will-Ann Lamsens 
Rocky Flats Pubk Reading R w m  
Front Range Community Ccllepe 
3645 W. 112th Ave. 
Westminster. GO 80030 

mwJWilTALOF DOCUMENTS FOR PLACEMENT IN READING RCC)NS 

Enclosed are two documents lor your reading room: 1) the Rocky Flals'Planl Site 
Envlronmenlsl Reporf lor Calendar year 1990. and 2) a brochure entitled A Closer Look 
sl Rocky Flats. 

Please call me a! 966-6159 if I can be of hnher assistance. 

Very truly yours. 

E 72 -007 

Patricia S. Lee 
Community Relalions 

Enclosures: 
two (2) 

a: 
B. Brainard 
T.A. Smith 
J.M. Wilson 

DOE. RFO wlo Em. 
EGdG RoCky Flats *lo Enc. 
EGdG Rocky Flats wI0 Enc. . . . _ _ _ . . . . _ . . . .  . .  . .. 
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